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BSTRACT
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@ B o INTRODUCTION

: This math course was written primarily for the operator in the -
field who for one reason or another cannot obtain a basic khowledge of
* mathematics through regular classroom instruction, Designed with ‘
flexibility and adaptability in mind to accommodate the many different
situations and circumstances that exist in this field today this book
may also serve a variety of other uses as well, such as use as a valuable »
supplemental tool for regular math instruction, or use as a regular

basic mathematics course in jtse]f;-suitéd for classroom’ use.

. This math course is divided ‘into eight sections. Each section
" N /covers and represents a generaiymathematics area important to water/
wastewater plant operation. Specialized areas within each section are ,
‘ j then discussed at the smaller unit level. - s o
[© " Purposely included .in each'section are many example problems
similar to the type encountered in the operator's daily activities. _
| Each example or set of exdamples is then followed by numerous practice

/ prob]ems. _
/- — " Itismy sincere belief that after completing this course,

you, the operator, will be syccessful in your daily math applications. =




. Pre-test
A

=

Post-test

.\

;Estimatéd Time

[ &

' o S
~ Suggested Supplemental
Readings, -~ .

.-
v
*

’

‘mastered the material or not. Upon satisfdctory +".2

S

The main purpose of this test is to see if you
already possess the. knowledge that is presented . in
the section you are about to study. - .

This pre-test can act as a time saver. If you

-already know what is expected, you.can skip .to the
- next section, and take the next pre-test. Taking

the pre-tests are an*~important part of this course
as many operators are certain to have a thoraugh
knowledge of atleast some -of these math sections.
There is no- sense in going through .an entire section
when you already know the information presented in it.”

The needed score to successfully pass a pre-test ahd

thereby "place out" of that section is stated in each . _
pre-test's level -of acceptable performance. If you ., . -
do not pass out of a pre-test you may still wish to .
compare that score to the post-test score and ‘see how.: -
much you improved after comp]eting\that'section.\-_-n?";

_ : R | ‘ - . :"H'

. The post-test serves to see if you have satigs ", ~§&
factorily learned the information in the section)yous iy
have just completed. It determines if you'have.% "

y g
R -

v‘j<:

Yoy

3

completion of this test you may procéed onto thejn§§;f’;éguw,
section. If you do not pass this test the first timg, T+

- do nat become discouraged as everyone‘iS<bOpndjmi,ﬂgﬁe.cgnr<
some problems somewhere along in this course. ~If* you

L]

- do not pass this post-test, rework the practice’probs< ,;,;5%%

"‘ﬁho have trouble with the section matérial. These

~has trouble afterireview .
. tice problems. These resources should be available
~at.your local Yibrary. - N

lems a second time and then retake. the post-test.a’ -

course. . :

‘ L)
3

second time. If additional help is. still necesdary, . .

- read the/suggested supplemental readihgs-pefqﬁe:rgf;."4 -

taking'the-post-

t.a third time. = REFTE S

This indicateg a‘proximate1y how'1on§ﬂi%_ﬁi11
take to complete edch 'section. Just because it says
40 hours does not mean it will necessarily take you

40 hours to complete this course. To be sure, it

will take some operators longer to complete certain

.sections than other :operators, depending on their - . - _§

backgrounds, stréngths and weaknesses, reading speed,
and other factors. Do not-be alarmed if it takes you
Tonger to complete a section:than the stated estimated
time for that section. You are not running a race

A

_These readings are available to those operators

reading are’recommended only if the operator still

nl
ng and reworking the. prac-

“ “d,-‘-

. : W )
X . C. . - Ty

_°1"_; L. 6 A




, "

Available Supp1ementa1
Readings ,

o : ' ’ B ’ N
B . .
- , . :
., "

These readings are ava11ab1e to those operators
that desire additional support in:a specific section
.»j(ﬁ : ~or unit area.  These. readings may cover a similar ‘

R ~ section or unit area as those in the suggested supple-
' .mental readings, or it may cover a section.or unit '
exclusively. Both the suggested-and available supple¥
mental readings should be used as tools in conjunction
with. each other. Select the reading source that is
-most appropriate for your needs. ,

i




® L SOME HELPFUL TIPS, i

Please don't jump:aroqﬁd!'

- ) . N .

This mathematics course was put together in such a way that mastery

of each section is necessary beforé progressing onto the next section. Without

a knowledge of the basic material, the more advanced material will become .
increasingly difficult and frustrating as well. Just.-as we must crawl before 'we
can walk, so we'must Tearn the basics upon which to build. Start at the beginning, * - |
. taking each gection in'its proper order as presented, and finist at the end. :

Please do the problems! '

‘Doing the problems i5 an important and necessary. part of this course.
Reading “the course material and examples are not enough, withotit doing the
practive problems -as well. Working the problems acts as a check, a self-
‘evaluation: that lets you the operator know if you are understanding the material.
There .is a difference between thinking you understand the material and really -

~—".

understanding the material. So.do them! .
. " L : . " ; Co . i \ll." . . .
” o : Piéasefdon'f'cheat!-'-‘ s
- Looking-up the answers to any of the pﬁob]ems fn thisvcoursé before
working the problems s prohibited. Doing so will amount.to the same problem -- .
you may think you understand the material without really understanding it. Being
curious is fine, but not this curious. ~ Also remember that ypu are being tested,
ﬂngf you math teacher. : o o

{

. -Make a study schedule. .
Estab]ishing alregular study schedule is iﬁbortant.‘ Doing SO‘Wﬁlla,/
~help you to progress steadily through this course as well as develop good study
- habits, You may wish to set aside a.few hours once or more a week for your -
- homework. Remember that this is a self-study course and you are your own

teacher. - It is up to you and you alone to do the work.

Don't be afraid!' o o L e

, L You may. feel that by now we- have gone over some pretty complicated
,f things, and be having second doubts about even taking this. course; but don't
be afraid as it is not half as hard as it Tooks and definitely does not bite!
" “Continue on.. ' ' ' ' ot e ,
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_ :couRss INSTRUCTIONAL'PACKAGE GUIDELINE .Y

;SUBJECT MATTER- .Basic Mathemat1cs for Water and Wastewater 0perators

-

. UNIT OF INSTRUCTION* Summary 6f course mater1a1 .
. LESSON NUMBER: ~Total of 8 Sections |
.+, ESTIMATED TIME: 40 hours I S <

'_JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE' A know]edge of bas1c mathemat1cs
1s important for water and wastewater plant operation.

PREREQUISITES The prerequ1s1tes vary between 1essons and are spec1f1ed in the
prerequisites for each lesson. ,

INSTRUCTIONAL OBJECTIVES

Terminal Performance Behavior - The 1earner sha11 successfu]]y complete th1s
mathematics course.” Successful completion.of this' course shall be demonstrated
‘when the learner through pre-test or':post-test written examination has met the
specified criterion level based on the behaviora1 objectives of each section,

"Behavioral ObJect1ves - Al obJect1ves for each sect1on are stated in that
section.

Cond1t1ons - The conditions. 1mposed on the 1earner. (1f any). are stated in the
conditions for each section.

Criterion - Level of Acceptab1e Performance - M1n1mum level of acceptab]e
performance varies between 1essogs,;and’1s spec1fied in the cr1ter1on for each
section. . #

TNSTRUCTIONAL'APPROACH Eight individual lessons sequenced in order (1 - 8)
utilizing self-paced study of written course mater1a1

Available Supplemental Mater1a1 - Ava11ab1e supp]ementa] material for each
section 1s stated in that section.

Suggested Supp]ementa] Material - Suggested supp]ementa] mater1a1 for each -
section is stated in that sect1on : R

~

13
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VL . © SECTION I |
T CUNIT I . NUMERATION
. | Order
§ % Place Values

Measurements

Rounding

TUNIT 11 'WHOLE NUMBERS

“Addition of Whole Numbers

Subtraction of Whole Numbers ' A
’ Mu]tip]icahon of Whole Numbers ]
”  Division of f Whole Numbers
\ ,
3 ‘¢




{

Criterion - Level of Accdptable Performan
on either the pre-test or post-test.

INSTRUCTIONAL APPROACH: Individua1.1esson_uti]iziay\se1f-paced sthd& of written
material. ' : 7 o

ce - Minimum passing score is 90%

A

 INSTRUCTIONAL RESOURCES :

Available Supplemental .Material .

- Suggested Supplemental Material

Cutier, Ann. The Tracfenber Speed System of Basic Mathematics. Garden City,

New York: DoubTeday an ompany, Inc., . -

*Explains a speed system of the basic mathematical operations.

Thompson, , J. E;-Arithmetic for the Practical Man:- New York: Van Nostrand

. Reinhold Company, 1967. PP. 7-II. .

Briefly explains the four fundamental operations.

‘Bittinger, Marvin, L. and Keedy; Mervin, L. Arithmetic A Modern Approach.
, Reading, Massachusetts: Addison-Wes ley Pub1¥shing Company, I971. PP. 31-34.

Discusses rounding and estimating.
. @ .

Agsimov6 Isaac. Quick and Easy Math. Boston: Houghton Mifflin Company, 1964.
PP, 7-109. C. R : '
Presents,short.cuts to the four.fundameptal operations£~

>

Mira, Julio, A. Arithmetic Clear and Simple. New York: Qarnes and Nobles, Inc.,

1965. PP. 13-78. . o : -
Discusses addition, subtraction, multiplication, and division.

Bf;tinger. Marvin, ‘L., and Keedy; MerQin, L. Ar}thmetic A Modern Approach. :
Reading, Massachusetts: Addison-Wes ley Pub1lishing Company, 1971. EF. 21-125.

Offers many extra practice prob]ems in the basic operations of whole numbers.

e



SECTION I |
| PRE-TEST . . . <
1) Add 6) Subtract "~
S a5 . 1605 ‘h\~-«' , T
T 215 Y A ¢ .0 \
R . ' - T o
+ 64 ..
268y | |
| [EF . F - -"‘ "
I DO ~ 7= 8) Place the commas or comma in the .
' L . , , appropriate places.
.. 2) Multiply T L . N . )
) , H 7) 6572 oa

520 o / ‘ SR
X7 S SRR TR ’

EE!' © 3) Divide

62/ 1,80 | o ’ '

ﬁ‘é? <

8) 1572111

[
9) /{; a smaH town usgs 10' gallons of
. water per day per. %erson -and has
~ . a population of 1000”what ‘would be
: ' - . the. total daily need for the town?
_4) Round to the nearest gallon. »

.. . . ) ) P “r
. . - .

185. 7

10) In 1974 a small town produced four
) ' thousand, threé hundred metric ton
- - ' . ~ ' of solid wastes. Write that numbetr. .
5) Add R . ) . noting each place value. '
57
-+18 ) . _ /
] - . ' ) \

T T




(SECTION I

PRE-TEST KEY

1. 692
2. 8,800
3. 30
4 186 gallons
5. 100 )
6. 758
7. 6,572
8. 1,572,111
9. 10,000 gallons
10, 4,300

15

-
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. SECTION T - A | | o
CLNITT L e NUMERATION < 0 ’
..... . T ..: '. ’ \ R | ) - T ) : | - ’ . R

B ) | B Order ;’¢ B ‘ | ﬂ ~
) In the arab1c system wh1ch we' use, there are on]y ten bas1c numbers‘

"wh1;h can, be grouped to make a count1ng and ca]cu]at1on system " In the arab1c //ffj>

. \1anguage ten bas1c nunbers serve ‘as symbols hav1ng va]ue S I .
] 'v" § ) . B ' * ) ‘ .. K ) , » . . ._ oo . . ‘ o ‘,... '
: F1gure 1 0" .v1’¢' %’ 3 . 4 5 T 5 7 8 - ggé\

: (bas1c numbers) zero one twp three four f1ye six “seven e1ght n1ne .

+ b ),
oL 2
/.

These ten bas1c numbers are put tqgether 1n an order so that each

©

succeed1ng number is one Value 1arger than the one beh1nd Tab]e 1 111UStrates the.
' order of numbers and method 0f° count1ng to 100 wh1ch we genera]]y take for

'1 J‘ . v’ 3 . _:‘ . . - . . o
granted U ! _ _ <'f,' ._nt %g 3 o
o Vv T .t s ) . . , )
Lt ' ! " &

. “
. .
. N s . BN L.
- SN o -~ P i B g f . . ‘
. - .- R - - CERT T .
[ P SY . 3 . .
N ‘

TABLE 1 .
i g Numbers . ) - \ .
‘_1_ 2 3 4 5 | 6~ 7 8. 9 10
_{i S e B, 16 12 18 18 20 7,
- 2\1 i 23 o 6 27 28 I B *
1 2 3% %, 37 3% 39 40
% a e e 4 .41 a8 4 .50
Cosp 52 53  ~ , /‘56 57 88 s 60
6 62 63 .66 67 . 68 69 70
n 72, 13 S AR A N R
81 & 8 CBee 87 . 88 | 8 % -

91 .92 93 9% . 97 98 99 100

.|6 . . = f‘i : ' ' .




i ar1thmet1c. e .:’. R .,fh, ‘T{._if;_jﬂ

N . DN P cae e .
: ’ T BN : ' o CI S T T P " .
. o~ e o e e . 5, . R
e - . . - ] " ORI N - .
o . e . ‘ e 1] ," AAXN 4
d o - . . .o

-, - ) . X . ‘

In the tab1e these'nunbers ’begm with the number jl at te{]eft of the’ top row, ,' R U

and increase by the vaTue of 1 for each number to 1ts r1ght, so that 2 1s}1arger
than 1 and 3 is Targer than 2, etc | Th*ls process is repeated 1n the second row
where 12 is Targer than 11 and 13.is Targer than 12 when we want to. represent
a number larger than 99 we use tfe «foHowmg comb1nat1on ..-_':':; 'f

101 g1ves us 1 mor¥ than 100 L

L4 @102 g1ves us 1 more than 101 SN .". pr T T

o P 103 gwes us 1 more J:han 102 ) t; £ a/ o
| etc * FORT | | |

.

Of coursy tfns can be carr1ed ‘on. and on in steps of one to any number
that 1s des"1 red The system has va1ue because 1t is used»as the bas1s for the

man1pu1at1on of nunbers in add1t1on, subtraction mu]tlpﬁcat]on, and d1v1s1on

A

oo - - .. c N .
_ Y . \\. - S g gt ; L -
O : . R s »

n \
-

S k"v "(‘ ‘. Place’ Va1ues-

_ In order to understand the order1ng of numbers 1et us ’Iook at how the
X

) baS1c nunb rs are put( together to make 1arger numbers AH numbers (1nc1uding

.'1(3'" -(

_jn; the bas1c numbers 0- 9" are expréssed by the abOVe symbo]s or dig1ts (F1 gure 1).-

. L
Therefore aH numbers cons1st’ of” bas'rc nunbers The number 10 has the . bas1c

The number 25 has the bas1.c numbers 2 and’ 5,etc Zero wh1 ch, !

o

The word p1ace refersJo a"bas1c nunber s, Tocation. {a

. d ' - ‘
When we have a bas1c number occupy1ng one pTace we put it 1n a f1 rst" -

coTunn of numbers This «f1rst column of numbers 1$ c&] 1ed the ones coTumn A
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; “-,'ff : When we get a number with three places, we then need a neﬁ -column

: because two is not enough Where do we put the new column? You guessed 1t--“,-

to the 1eft of ‘the 10' s column, mak1ng the 100 s colum. - ' "'é

2 i

;H Hundreds .51 o Tens ' 0 Ones . 1
<':, -,.‘ o, 2 7 ' '_ ' ' 3 | f '4. .
3 R s T
L ' ~
>'6‘ | ’
SR 7 ) | , .
e e -
S 9. ‘ .




. Th1s system w111 make up a p1c{~yre as be ows | _ , , o
rj | ' Hundred f 'hn"-'ﬁf fﬁ > 3 o B
. “Millions .- Thousands Thousands, - Thousands ;_Hundreds ~ Tens  Ones
6y 3. 0 g, - 1 6
So with only/ ten (10) numera]s, we have’ worked out a system of numbers that
-, lcould go on. indefinitely.- o i'?.- T v -
."r/":;_i"'fﬂe_l . N
‘“'j ) ,‘ 18 , ' | .. .
‘ How maqy hundreds in th1s number? :1a¢'d:7
| How many tens in this number? - s | o T . 1_?
- How many ones in th1s number? -: f. Q_?. g y' |
| So. to read the. number 1t wou]d be seven hundred fortyve1ght
o L e o B
' P‘rob]eml ' . o
) gi, F111 1n the blank spaces T .-'Sé:' o
o ,‘ T T 656 | 35 | 72 | B
"?3How:many hundreds in-these'numbers;?w L 7b€;' _ ) 0
Y How many tens: in these numbers ? B 'nwu;l‘ ,fi '“ 7 |
< How many ones in these numbers ? fy ; 'j[%; 5 2

The bas1c numbers we use are a1so ca11ed d1g1ts

Arrang1ng any number of digits in a side by side arrangement g1ves us

. numbers of d1fferent quant1t1es

) 7,395 = seven thousand-three hundred n1nety-f1ve

The Same d1gits in another arrangement would be a: different quant1ty
' 3, 975 three thousand-n1ne hundred seventy-f1ve
; _ Each group of three digits is separated’ from other groups of three
" digits by a comma._ These. commas are used to,/make;_.].arge.numbers easier to read.
19 o
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In placmg the commas a]ways go from ri ght to left, after each 3 d1g1 ts,

p1ac1ng the comma before the next digit to the Teft.

Examg’]e 2 i ;.: | B | )
o 1 ~ No comma R 1 di‘gitw _ e
: 25 " No coma - 2 digits - ‘
T coma’ 3 'digits, but no digit to the Teft )
'6.,_3l25 . One comma - 3 digits and d1g1t to the 1eft E '*'ﬁvl,_; !
> o : 16,325 '.‘Ohe lcenma - d1g1ts - o | ’
| 816,325 Or)le_»comma 6 d1g1ts but. no d1git to the left
| '-2,816,3'.25 Two comlnaei. ) 6Ad1g1ts-and digit to the 1eft
Prob]em 2 =
P]ace commas 1n the fo]]owmg numbers where peeded o a ' _ ‘
| 7654 | . IR
S | 000 - | o 7
60743 o ;' - ,' B : S . . L;”: A
| 8972651 S
When reading each.gro'up of three numbers, do.hot use.-the-'w.erd vand", °
Read.each group o'.f three nurhbers as.if'it were _alene,‘ then j'oin i.t with® the next g
.grouh of three numb‘ers. - N | J | | 3 ‘
N R
l'ExamE1e3 ' | ‘ ; I ‘ : ,
' Wrong Way o o Right Way - \,\
1,054 One thousand and fifty-four One thousand fifty—fouh .
175 One hundred and Seventy-fiye ) One hundred seventy f‘i ve o ‘

' 1_‘0A,‘600,255 Ten million, six hundred thousand sTen million, six hundred thousand,
v | and’ two hundred and fi _fty,fi"ve ) Two hundred fi fty—five

2@'22 -
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Measurements o : TR A W

Quite frequent1y, the operator. is required to make measurementg A<

\

measurement is the read1ng off of a number from some sort of gauge or 1nst}ument
. These measurements usua11y 1nvo1ve tak1ng read1ngs off of var1ous\\

sca1es ba1ances, var1ous types of meters etc. Every one of "the 1nstruments \

\
\

that an operator uses, has a 11m1t below which one capnot d1st1ngu1sh or °ﬁ \\ N
s

‘determ1ne the value he is try1ng to read For examp1e 1f the operator attempt

to read the water meter scale be1ow, 1t is c1ear1v v1s1b1e that the arrow is

9

. past the 5.. This is because there are‘sca1e lines for every ones unit 0 - 15.

-5 2. 10 R Nater_meter scale
' !

o , 1 un1t 1 gallon

However, if the next value p1ace was asked for -(the tenths p1ace),

°

‘the operator could on1y est1mate because it s’too hard' to read since there are

1

no more 11nes between 6 and 7 The on1y ff;;re you can.be sure of is the 6.

To make note that the .2 in the 6.2 1s an e t1mate, we wr1te the humber as 6 2+

”mExamg1e,4

You are measur1ng the "Tength of a p1pe in inches. What does the

f°11°W1"9 measurement read? o . 7' ) - y

LLII'IIl‘glll.'llliﬁl“lll..lﬁl
0 1 :24’_ 3 One unit = 1 1nch

Here is a case where ‘we know that the value is between 2 and 3

We a1so kgow that the va1ue 1s between 8/10 and 9[10 1f we count the sma11er '
lines. But if we take th1s .one step farther we.can only estimate how many

*

hundredths there are, because there are no more 11nes to read. We can only

i

23
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 make an estim;te S1nce the arrow looks about one ha1f way between 5/10 and -

' 6/10 we assign a Va1ue of 50/100 for the hundredths p1ace, and come up with
an_answer.of 1.55. S1nce_the second 5 in the 1355 1§'an e%f;mate we wr1te

~ the ansuer-asil.ng o

Problem 3

Read'the'fo11owigg measurement

Rounding Off

As ment1oned earlier;,. every sca]e has a 11m1t as to how many p1aces
57

can be read,‘after which we must est1mate. It is at th1s po1nt of est1mat1on'

that we often round off. Rounding off is taking the last place or several
bTaces turthest to the;right; changing them:tOmzero and keepingbthe p]ece to
- the left the ;ame-or»carnying it one Va]ue.' Howloften ne.ruund off a number
‘depends bn the.accuracy'needed: | . ”

"In hounding of f "the number" 5 is used aS}the diViding line. If

‘the -value is greater than "the number" 5 we ra1se the p1ace to the left of

| that value by 1. If it is lower than "the number“ 5 we keep the p1ace to the

left the same.
EkamETe 5
"Round off 7.6 '
6 is greater than 5 so we get
8.0

L2}
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- 4 .
' | Examplé 6 - ] o . .
: Roundvoff" 9.8 | ) | .
| '.i stisbgreater than 5 so we get {
0.0 . L
Example 7 ,_Qv | o - - L h Ly
B Round off . 17.4 - . ‘1 B .l o o ‘j ' o

4 is less than .5 so ue get
" 17.0 T o |
7 0ccas1ona11y we must round off a number w1th the,number 5 as the 1ast
- va]ue to the right. The rule here is that 1f the number to the left of the |
round1ng number is odd, keep that number the same ‘while round1ng off. If it ﬁs“

!
even then raise 1t '

‘Example 8 S ‘ ;
Round 6.5 £ 7. Round: 7.5 = 7

Usua11y we round off to either e11m1nate est1mated va1ue p1aces or

because we' need a round number ' Coe
Examg]e g

"'-Round off 1,000,750 to the nearest one thousandth place. The'p1ace before the
thousands place is 7 1n-750. 7 is greater than 5 so we write the number as

1,001, 000.

Prob]ems 4 -8

o Round off these numbers ‘to the nearest 100's place

? 4) 75
D 5w
- 6) 150

- 23
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" Problems 9 = 13

- -Round off to t 'ééré§i»;éhfhs place .
Ly v , _
S s RN

Sl T

11) 77.09
©.12) .08, -
13) *1.50

Problem 14- ¢ - . . e

Round 0ff to the nearest géiﬁon-‘_;

1,000.9 gallons S Y,;}

24




SECTION I . ,
" UNIT 11 " WHOLE NUMBERS

" The subJect of mathemat1 cs is the study of the man1pu1at1on of these

' 'bas1c numbers or d1g1ts wh1ch have been used to represent numbers

There are. on1y four basic procedures of number man1pu1at1on ~ Each

procedure has a symbo1 wh1ch represents that procedure

Addition : +
- Subtraction - - - N
’ - Multiplication X

Division -

‘Addition of Whole Numbers

The addi tion‘of two vnumbers can be explained in the following way:

o . 00 - - |
"o + ~* When we add these two boxes (or
; v o) 3 . & Join them) and count the dots we Lk
. SR o o have eight- (8).
— . |95°[° g8  Addition thus is the joining or
_ = lo o] 9| © - putting together of numbers to
A ' - get a single new number

Whole numbers are count1ng numbers , where each number is one greater
;‘than the number beh1nd 1t, start1ng from 0 and 1. L
It was pointed out earlier that, 1n countlng, each succeed1ng number
lwas one more than the number beh1nd it. This is the basis for addition. Referring
.to tab]e 1 if we want to add 5 to a5, we mere1y have to progress 5 numbers to 50.
' The way to visualize this concept is to make a chart of our numera]s

012345678910111213141516171819etc

' . | ‘ ‘ = | “
| ,

.25° 27




The prob1em 5 + 3 would be so1ved like th1s

ones ' ~ tens
X

0 12 3 4586-7 89 10 1P 12 13 14 15 16 17 18 19 etc.
AN/
Stant with the f1ve (5), then move over to the r1ght three (3) d1q1ts
- and you end up with e1ght (8). . o : §F$_-'
By us1ng th1s chart we can solve s1mp1e add1t1on prob1ems

Do the fo110w1ng pgob1ems w1th th1s chart

Prob]ems 15 - 20 , _ v _ v t
g w0 glmo g g w W

oo

When the sum becomes larger than the ones column can hand1e we"move | '
gii.- over. to the tens co1umn to the left and start to put numbers 1n that co1umn

~ Th1s a1so happens in the. tens co1umn.} Nhen the “sum becomes larger than

the tens co1umn can hand1e we move to the left and use the hundreds co1umn

Prob]ems 21 - 23 . ‘Using the chart add these co}umns. _ o
) 1 72 N N S 23) 1
7 ' : 9. : : 6 -

.5 S ' , 1. ' 2

+3 . L +7 +9

This br1ngs up a system of add1t1on that Speeds up add1t1on of 1onq

co1umns of f1gures.. It is ca11ed add1ng by - tens (105)

26 ‘28_‘”




Example 10 |
1 N : We pick out the combinations of digits
Z . T - that will add up to ten - put this in-

-5 1 ten - - 10 the tens column of the answer, then =
+3 + 6 left over t 6 . what is left over.is added to the tota]
‘16 16 - 167 number of tens. )

Example 11

s1)>/ 2 tens - 20

+ 0 left over + 0
o 20 '

o 5> 1 ten 10 T
o ¥ " 14 left over +1 : . .

RS

+ 2 2. tens 20 _
+3 - _12 left over +12 : , S
-l 2o E - o

w

Add these columns of digifsﬁ in this manher - d‘rawing curved'ines to '_ .
" show the operation. ' » '

28 (a) - 2 (b) 9

W Oy
—

+ + /

N W

|

25) A small sewage plant pumped 100%1bs. of sludge on the st shift, 200 1bs. on the
.. “second shift and 210 1bs. on ‘the 3rd shift. What is the total amount of sludge
~ pumped for all 3 shifts combined.? |

27' 29
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This same system of adding by tens,can be used fdr adding columns

of more than one digit.

’

32

| 341

s P | . 269
co .. 78
- : 775
+ 393
2,563

v r

You grthvthé'digits'in the ones column and you find you haﬁe

‘ twenéy threéﬂ"P]ace the 3 in the qneé tolumh.»'Theh.ybuyféke ﬁheltwo.tehé

~ from there and‘put it‘af the.top'of the_téns,co]Umnl‘ Next group the tehs'
coiumn.findiné“thirty six. Place fhe 6 in the tens coluﬁn aﬁd.place thé
three hundreds at“the‘tbp of the huﬁdkeds;cd]umn,' Group the hundreds giving
yOp'a sum of tweﬁty five. B]écg the five in ibe hqndreds column and the 2 in

" the thousands column. 'Theasum of the two numbers is12 thousand 5 hundred and

sixty thré_e._ .o .
%) 7162 . a7) 23 o
349 - 156 | |

o+ 72

Three Rules of Addition

‘  Ngt many.péop]é'will make a, mistake when:addiné 2 plus 2. However, -
it is surprising;hqw many cannot cdrkect]y‘add’zz and 19.- Ihe‘reason is they
violate one of the hain:ru]es of addition.or,sgbtractioﬁ; and-that is; .

1. KEEP ALL NUMBERS IN COLUMNS | |
. When the.ruleliéAfolloWed-correctly, the - above qddition 1s‘easily performed.
S S | 22 | ‘ | | |

‘ - ' ' +19 - N 3
4T ' . o

»

pl

28 ,
30



Remember when writing who1e numbers ‘to be added always. keep the.ones in-
a column, the tens in the next co1umn to the 1eft and the hundreds in the next colul
to the left, ete. These w111 a1ways form straight co1umns |
| Another common error is made in the fo]]owing manner:
| 349
2%% (Wrong)
In this case another rule is v1o1ated.
. 2. . WRITE DOWN ALL CARRYOVER NUMBERS |
v _ If this ru1e is fo11owed the previous prob]em becomes:’
Carryover numbers shou1d be wr1tten 11ght1y over the next co1umn
' to the . ]eft - | | A
L Many of us can remember a teacher saying to them, "You can 't add app1es ‘d
and oranges" Th1s is our third rule of add1t1on 4
3 ALL 'NUMBERS' MUST BE IN ‘THE SAME DIMENSIONAL (ft., 1., sec.) UNITS
n‘_If we needed a str1ng 2 feet 1ong and one 6 1nches 1ong, we would e1ther say
2 ft. + 1/2 ft..= 2 1/2 7t of string, of |
-2 ‘ft.'
_1/2 ft. |
22 f. E -

- Or we might say:

24 in.
1 o ' :;SL;Dl;r
’30‘in s
. | f Two and one-half feet and 30 1nches are the same length. We must

“ use the same d1mensiona1 units when we add any ser1es of numbers

29 131




. . . ) . .
. . . B ) 5 . : .
. L2 . . .
. -3 , .
. . 4 ~ .
A\ i c . .
. ' - ) 5 ) i

Subtraction of Whole Numbers 7.‘
Subtraction of two numbers can be exbﬁained in this way. “
We start with a quantity of " | ©oo9o0
_ . 0O 00O

From this we are go1ng to remove or "take away" a quant1 ty of

- ‘. . & o o 'o o ' : | . :{‘
. ~. ? o o ollo ' .- \_' ’ ‘ ) " '

15 0l |
Chdaoa

" Leaving a quantity of - E-o g
l )

So 8-5=3

. R ) . o ) . oy ) . .
It was discussed earlier that in co'unting, each succeeding number

was one ‘more than the number beh1nd it. Th1s is the. bas1s for subtract1on
A

Refermng to tab]e 1 1f we want to subtract 5 from 8: we back off 5 numbers

£ . ) . .'“yf . )
tO 3. , o . ‘ L '-" s.
Us1ng the same chart of our numerals as we did 1n addi’t1on we can
visuahze subtract1on (in addition we counted to- the r1ght) ¢,f

In subtract1on, s1nce we are reducmg 0r taking away, we count to |

~ ‘the left.

8-5=3" "+ :
X - ones ' . tens ..’.?,. S e >
012 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 “'etc )
28) R
‘ . L® ‘gi’;:




) 12 o 2) 18 T m). o1
. -.7 LT ‘ _9 . ) .1 _5.

The numeral chait we' have been using does have ‘some 11m1tation when

it comes to 1arger numbers "The chart wou1d simply be too 1arge to be

- ——
\f pract1ca1 " So we return to the column pr1nc1pa1 of ones, ‘tens and hundreds
.as we did in add1t1on/ | A
In the_prob]em 36 -24= - .36 | "we take 4 from 6 in the ones column ‘
L =24 . then 2 from 3 in the tens column :
12 thus 1 ten and 2 ones = 12

In subtract1on there 1s a prob1em that comes w1th the co1umn system
When the number. to be reduced 1n a co1unn is sma11er than what we are tak1nq

away, we have to borrow a ten or a hundred to use in that co1umn

oL 3.1 | o I -
’\‘ A 2  we borrow 1 ten from 4 tens. leaving 3 tens and use -
: v - . - the 1 ten with the 2 ones making 12 and now we © -
: -1 9 ~ can take 9 from 12 leaving ‘3; then we ‘take 1 ten from
L '3 ‘tens 1eav1ng 2 tens. - _ $
2 3 '
’. ' The ans is 2 tens and 3 ones = 23 M e

, This borrow1ng has _to be done any t1me the amount to be taken away is

/

more than the amount to be reduced in the co1umn Ones, tens, hundreds, etc.

L Nork1ng w1th hundreds, it is done as be1ow

2111613
- _3.84 . -

2, 88 9 Ans.
When you borrow a1ways cross the number out and wr1te in above a

' number one less than what you crossed out.

¢
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1]

Y-

yin ‘ v
2 i Pt .
A 5" ]
T 3 ‘ v | ’~
L o Subtract the following: . N b . |
"34) g : 35) 324 36).t 2,376 37) A water storage tank contains -
-3 =49 " 1,197 -10,000 gallons of water. After
: i - discharging 4,500gallons, how
CE o . many gallons.remain in the tankt

S1nce subtract1on is s1mp1y th§ reversé of add1t1on the three ru1e§

. ‘_1. KEEP ALL NUMBERS IN COLUM‘JS \

\sl S
Example: Subtract 11 from 2571 -k
. 25 ., . ’
i L

. S1nce subtraction is the reverse’ of addi

_Y "borrowing" s sometimes necessary E fj C T Tw
2. WRITE DOWN ALL BORROWED NUMBERS - S >
. . ‘ns ® . .",
Examp]‘e' Subtract 296 from . 485 :
As before, the numberg shou1d be gro ’ g
| Column Labels }& -
: e 2
Hundreds =~ Tens Uhits % A
-1 ¥ -1 - - o 3171 FURTAN
3 - 7 o1 ~ or A5 B
17 | o
8 9 : :

1
| - First Step- - Borrow the 1 from the 8 (1eav1ng 7) and ‘add 10 '
to the 5 to get 15 Subtract 6" from 15 and write down 9.:
~ - Second Step - Borrow the 1 from.the 4 and add 10 to the 7 to get :
17. Subtract 9 from 17 and wirite down. 8. - : - o .
© Third Step - Subtract 2 from 3 and write down 1.
C: , '

34




The best way to cheok a s"ubtraction is by 'ad.dition. Thus, the preceding
prob]em1 can be ‘checked by: |

-1 ‘ ”

189 . , :

. m‘ (CheCk) ) ’ , \_ oo , Q

The final rule of subtraction is the same as for addition

3. ALL NUMBERS MUST BE IN THE SAME DIMENSIONAL ‘UNITS

The Three Rules of Subtraction

1. Keep aH nunbers 1n co]umns

20 Write- down all borrowed nunbers

3. A1l numbers must be in the same dimensional ‘units

Mu]tiph cati on of Whoie Numbers

’ _ | . Mu1t1p1ication is. aiso addition It is simp1y a short cut method
of addition “In other words, 3'x 4 s simply: F- S

. o 3f3"+ 3+3= _12 addition princip]*

or 4+4+4=1 | | i

Thus a mu]tiphcation prob]em can a1ways be checked by addition In

the interest of time, however, every operator shou1d memorize the mu1t1ph cation '

”

"~ table through 10 (See Table 2)

Let us exp1ain mu1tip11cation another way.. The problem 3 X
¢ can be defined as the total-number of obJects in three (3) sets with two (2)

obJects in each set.

of| | o 0 :
O] o | | o o
" 3 sets with 2 objects per set.
) | : "3x2=6,
© B 35




Prob]ems 38 - 40

: Mu1t1p1y the fol]ow1ng us1ng the addition principal:
8) T 4x3-= '

39) 5x 3=
40)  4.x6 = ,
A S1mp1er way to mu1t1p1y is to use mu1t1p11cat1on tables wh1ch you . ‘

. can now develop S1nce you know the addition pr1nc1pa1

R T THelE 2
ko olls |2] s3] a]ls el 7]8]o |0
_ 112 afa]s 6| 78] 9 |10
. l2fl2 &) 6| 8|w 12141618 [20]
3{{3 | 6| 91215 (18|21 |24 |27 |30
sla |8|12]16 |20 |24 [28 |3 |3 |40
5 |I'5 |10 |15 |20 |25 [0 |35 |40 |45/ |50 .
16 |6 [12 |18 |24 {30 |36 [ a2 [48 | & sd?é*xf;ﬁfj_f | ,_?%-
7 ({7 |14 |21 |28 35 |42 |49 |66 |63 |70 ot
8 ({816 (24|32 |40 |48 )56 |64 72|80 |
1o ||oi18 |27 |36 |45 |50 |63|72)81 |0
10 J{10 120 | 30 {40 |50 |60 70 | 80 |90 |100]

As you not1ce in the tab]e. 3 X 4 = 12 so it doesn t matter‘which

| is mu1t1plied by which, it always gives the same answer. (See Diagram.Below).. ) .
o |1 ]2 3|ayls lol1]2]3| 4 .
lafalels|a]ls fala1l2/|3]]a A

l2 |2 4] 6 | skl 2 | 2| alell 8]

1 Ta el ol s 3.1 3|6 M .
la a8l ]e]2 | - clalslwlw]

‘ # g6 el elanlaelon |
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Mu1t1p11cat10n prob]ems 1nvo1v1ng larger numbers can be so1ved by
. add1t1on also. For example, 24 x 17 -can be solved by add1ng'a column of
seventeenl24‘s or.a column of twenty-four 17's. -This procedure, however;
~ would take consfderab1et;me, and therefore the‘s1mp1er muTtip]iCation steps'

_-are preferred.

: 24 o 1st Step - 7 x 4 = 28. write down -8 and carry the
‘- x 17 g 2 to the next colum, .
~ '
'{Q' 24 BE 2nd Step - -7 (from 7 in 17) x 2 14
. x 17 SR 14 + 2 (carried 2) = _
168 : ~ Write down 16.
24 | 3rd Step - Erase a11 carryovers 1x4=4
x 17 o . Write down four in second row, but
128 e one place to left.
.24 4th Step - 1 x 2 = 2. Write down_ 2.
X 17 e - L '
) -
& 24
' 28, - Sth Step - Add numbers.
x 17 ‘ _ . :
168
24
408 ‘

_ Another approach to mu1t1p11cat1on is the regrouping concept we
"_111ustrated in the subtraction sect1on by p1ac1ng the number in the appropriate
R hundreds (H), tens (T). and un1ts (U) columns. The 1dea behind th1s approach

is that . '-L . P 3_ '
10 ones or 10 un1ts (u) 1 ten (TL(

10

and 3 S

100 -

B

" 1thens or 10 tens?(T)< =

35.

T
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-

Example 14 . | o .
'Mult1p1y~24‘x 17 or 24 o P o
o x 17 Lo : :
. < TH oI |
Iststep 7K 4= 2 8  =28units or 2T + ;1]
" 2nd Step. 7 x 2= 1 .4 R Unit (7) times Ten (2) makes right
S , d1git () go in T column or 1H + 4T
3rd Stepfl‘xﬁ 5'k". s | _ :- Tx U= the Tens co lumri )
74thv$teb*1ix ZfE?f//- 2 T x T =, the Hundred cotumn
5. Addnto]umns 3 10 8
-;h@m&%w;fae'i | - 'ﬁmemr;m ’
| Answer 40 .8' | BRNRTE
’ ‘ /5: fo multiply numbers, you may use any method ‘that you understand

These methods are presented to show you- different approaches used by many

‘s}qperators wh1ch give the same answers.

o You will a]so not1ce that with any number mult1p11ed by ten, you add a 0 L
" A | B |

;e.In the. same way to mult1p1y by 100 you add two 00s.
N Mu]tiply these

<

S 27x10

Ca2) 9x10= o 43) Mxl0=

T

45) 7 100 x19‘=‘ 7)) 10x 4=

A basic d1fference between add1t10n and mult1pl1cat1on is that the

§-¢mult1pl1ed numbers do not have to have s1m1lar d1mens1onal units.

For this reason 1t is 1mportant tos 4pec1ﬁx,the un1ts tha;_go w1th

the nun\irs and car;y them through to ‘the answer. o oo B ' .

.t . | -;}{;;

EEN-




Example 15

K

'l' | , | - v
_ A‘20“pound weight on the end of an 8 foot lever would produce

X ,
20 1bs. x 8 ft. = 160 ft-1bs.

Example “Three ‘men working five hours each would put in
3 men x § hours = 15.man- hours of labor |

By

‘The m ﬁj]tiplication operation is indicated by several different
st common, of course, is the multiplication sign (x) or times

- 'symbols. The
' sign. Mu]tiplication also can. be ind1cated by parentheses () orby brackets %
.or 51mp1y with a dot .. . Thus the above example can be written five ways.

\

3 men x 5 hourS~ 15 man-hours

(3 men) (55hours)_ .15 man-hours
15 man-hours

’ ' o 3 men- S hours =hc

3 men ¢ 5 hours ‘15 man-hours

15 man- hours

(3 men)~x 5 hours o
Nhen solving a problem w1th parentheses or brackets _l!gxg comp]ete §
the indicated operation ‘within the parentheses -or brackets prior to performing

' 1 the mu]tiplication
' Parentheses ( )

. Brackets [1 o

Example 16
' (25 - 4) (8+ 2) (34 2) =
,(21) (10) ° (6)
<21 x 10 x 6

1260

37 :3;} o




[

) L R . cooefl

EXamg]e 17

(15 - (3+2) (4-2)1 [6+ (7 - 3)}
(05 - () (21 6+ 41 =
s - 101 0 = 50

The Four Rules of Multiplication : .

1.-'A1ways carﬁy your number. - o : /

2. Always move the 1ast number multiplied one p1ace to the left. )

3. Mu1tip;ied numbers do not have to have the same d1mens1ona1 un1ts

4{_ Mu1t1p1y a11 numbers before adding or subtract1ng them, un1esscparentheses

or brackets are used. ,
’ %

- i 3
‘*Any operation in parentheses must be done first.

'**Any:operations in,braCkets must be done second.

ing

D1v1s1on of Who1e\Numbers

D1v1s1on offers a means ofa‘Eterm1n1ng how many t1mes one number
is cOntained in another. - It 1s a series of subtractions. For examp1e, if- N\

we say divided 48 by 12 we are also say1ng, how many t1mes can we take 12 away

“From 487 - |

By subtraction: ’;_ ' i | o

| " 48 - 12 = 3 (one) | \\
36 - 12 = 24 (two) |

. 24 - 12 = 12 (three) . | o | .
12 - 12 2 0 (four) - L R |

-~

Division problems can be: r1tten in many ways:
w1th remainder © . with

2 with remainder ‘with remainder 7. ) ,
37 of 1° 7+3=2 of ¥ 3= 2of 1. . - 10/5=2 remain
0

:;féai- - & 3g

10



.»-’ . ' In each case what we are ask1ng is, if we had seven baHs and we

K uanted to put three balls ineeach box, hou! many boxes_of balls would. we have?v

000
0000 _
0 O'

. O O | | + O-]eft over

—> . Two with a remainder of 1

The same if we have 15 ¥ 30r3/15 15

OOOOO O] O O {1910
00000  [0Of|00of|loolioo||loo

O000O
) - none left over
’ | ' _ 5 with no remainder . ’ S
The solving of division problems really can also bé a multiplication
proh]em ,"‘" reverse. ’ .
5/30  answer 6  5x6=30 :

.

The multiplication table can be used in reverse for division.

-~

Example 18

: W ol 1] 2 3 4 5 |a 6
1] 1] 2 3 4 5 6 ,
2 2 4 6 8 10 12
3] 36| 9|1 |15 ||
a:] 4 | 8 | 12 | 16 | 20 |24
5| 5 10 | 15 |20 | 2|3

' - Le] 6 112 | 18 | 24 | .30 | 3

39

11




- By division: . | o

. Do these division prob]ems

-

. o .
"12/748 ~ 1st Step - Twelve will not divide into four, but w111 d1v1de
S into 48 at 1east four t1mes

12/738" +  2nd Step - Multiply 4 x 12 and write. the answer under 48. Remainder
, . : is zero. - Answer is 4 even. o

¥

Example
: 150 R2 , . C o . R ' o
3/7852 . . We first divide the .3 into the 4 which will go one time,. and .
-3 - place the 1 above the 4. We place the 3 under the 4 and subtract
“ 15~ and place a 1 below. Bring down the 5¢to make 15. Thenwe
15 divide the 3 into the 15, getting 5 placing that after the 1 in
02 the answer and subtracting 15 from 15 leaving 0. Bring down the
B 2. 3 will not go into 2, so we place a 0 after the 5 in the
E answer and have 2 left over (Remainder of 2). This is the old
f - system of d1v1d1ng e .
L—

47) 8/ 125 48) /850 49) 3/3,005 50) 9/ ;60

.

L

TIP: Remember to place the number above the portion being divided at the time
and work from left to right from thousands to  ones. _

Working with larger numbers is‘dene the same Way'as smaller numbers.

We can also use the new concept of thousands,'hundreds, tens and ones, carrying

’

along the zeros to show this.

152 R1
26/ 4,953
2,600
1,353

1’300
53 . Tii }y‘
52 o ':




Y-

. ~ The on1y difference to remember is that you -are- d1v1d1nq 26 ones -
into 49 hundreds in the first step.

Second step is 26 ones into 135 tens

Th1rd step is 26 ones 1nto 53 ones.

Do these D1v1s1on Problems:

.81) 19/7856_  52) 32/77,956  53) 27/°673 54)- 21/75,384

o

“_ ' Like mu1t1p11cat1on when d1v1d1ng, it is not necessary to: use the ~

same d1mens1ona1 un1ts

: - Examg]e’19 o z R | ': - — ;
’ * How 1ong wou]d it take 4 men to comp]ete a, job that requi red
20 man-hours? . | |
20 mAn hours ='5 hours
mgn

”:if When solving a division prob]em, comp]ete the 1nd1cated operat1ons

above and be1ow the d1v1s1on line before dividing.

S

h gxamg1e | _
25 - (2) (3) + 18/2 , - (4) (9). _
ool SR

5-6+9 , 3% . 5 L
9-12 = 12 |

i

%§+3'-5‘ =

4+3-5 L =2

- 43




,T?FE‘Three,Ru1es-of Divisjon

P1ace the answer digits abOVe the port1on of the number be1ng div1ded

. ;D1V1ded numbers do not have to have the same dimens1ona1 units.

When so1v1ng a division prob]em,'comp]ete the indicated operations above

and below the division line before dividing.

2
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| o | SECTION T
‘ . » - POST-TEST
1) Add | 7. 6) Divide
231 s - 74/31,672
650 ' :
420
90 ' ) v - . . ' .
+71 ' o : . !
7 - 8) Place the comma or commas in the
appropriate places..
N 7) 65275
2) Add : |
73 .
22
97 « . . . S e e
| ¥38 BERRRERC) BF1Y, 317 SR SR GRR
" - .~ 9) Small towns use an approximate average
’ : ' _ - : . of 60 gallons of water per day per
3) Subtract | person. What would be the total daily
~ & _ need for a town of a population of 39547
1,;43 T |
958 -

4) In 1972 three billion, six
hundred million metric tons
of solid wastes were produced
in the United States. Write
that number being careful to
note each place value.

5) Multiply S P _ 10) Round off to the nearest gallon.

798 | | 115.6
|’ x53 -

43




AL o SECTION I
e o . POST-TEST KEY

791 : : } | L |
3.600,000,000 < ¥ : o ;'~=j.l P SO
42208 - R
. 428 - o S SR i o - |
65,275 S RS el
2,576,154 - o

W 0 N O U s w N

. 237,240 gallons | | AL
110. 116 gallons | o

a
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> UNIT I

SECTION 11

" FRACTIONS

Fractions and Fractional Numberé.

Reduction of Fractions

~ Addition of Fractions

Subtraction of Fractions

Multiptication of Fractions

Division of Fractions

a o



A

& .
.
. .

i
v

Available SupplemengaT”Material -

, , &
Assimov, Isaac. Quick and Easy Math. Boston: Houghton Mifflin Company,
1964. pp, 189-177. . o - T
Presents short cuts to fractional operations. . : g
: ' : W
Mira, Julio, A. Arithmetic Clear and Simple. New York: Barnes and Nobles, Inc.,
-1965. . PP, 97-117.— _ : L

Discusses various aspects of fractions. Bl

<

- N. Jd.: Prentice HalT, ne.,

. i .
Mueller, Francis, J. Arithmetic Its Structure and Concepts. Engleg%%? Cliffs,
Gives historical role and explanaiion of fractians, ' § _—

Suggested Supplemental Material o E S

: 4

Bittinger, Marvin,L. and Keedy, Mervin.;L. Arithmetic A Modern A réach. '
Reading, Massachusetts: Addison-Wesley-Publisﬁing Company, 1971, PP.151-177,
Rresents_short cuts to fractional operations, E :

¢

a7




e T PRE-TEST
o . . o } s
1 - 2) Change these improper ' 6) Three pipes run between
fractions to mixed : © . four settling basins in
numbers . - a sewadp treatment plant.

. g " Pipe 1 is 15 1/2 ft. long,
113 - -9 Pipe 2, 21 5/8 feet long,
8 - : : o - . and Pipe 3 is 24 5/16 feet
' ‘ - -long. What is the total . .
- length of pipe connecting
all 4 settling basins?

—T ) . i N . . : o T
7) Subtract
2. .
. 3 ’
3 - 4) Reduce these fractions ,
to . lowest terms, - g_
315 | -
45
" | 8) Divide
4y 216 B O ¥
324 - , S i 7 5
5) A septic tank has a 1000 - 9) If 1 ounce of chiorine is
gallon capacity. If it . i included in 100 ounces of
is only 1/4 full how many ~water, what fraction of the
gallons are inside? # total mixture is chlorine?

p
i

-

10) The detention time of your
first primary clarifier is
24/10 more than your second
primary clarifier. Change . ‘
-« this value to an equivalent -
mixed number. and reduce.
48
- 49




* SECTION II
PRE-TEST KEY

1. 15/8

'SV

1/3

2/3 -

250 gallons ..

61 7/16 feet Tong -
29

521 |
0

14

10. 22/5éﬁ;’-/l Lo

90
49

e




SECTION 1T
I S FRACTIONS

' on]y one ha]f of the pie remains.

e

Fractions ‘and Fractiona] Numbers'

A fraction in:its most cnmmon form is a P rt of a who]e. For.- ‘7

/r

_instance, if a pie is d1v1ded into two equa] parts and one part is eaten,

‘1

[

Thus 1t can be seen that a fraction is division that has not been

X comp]eted As prev1ous1y expiained in the.fraption:ijz,_gne is called the

; ave iess than one half a pie. We. wou]d have 3/8 of a pie remaining. - '

cy?

' between them.

_'.This line .is called a fraction bar..

" numerator ,l 45__;__;1Fnactinn=8ar
enominator - ' ' BRI

In mathematics this bar - or s]ash / separating two quantities always

'”.means the top quantity is divided by the Tower quantity

3 or 3/4 rea]]y means 3 = 4 or 4/ 3
4 ‘ :




wdin.
'f'shit is one (1)

| If the numerator and denominator of a fraction are the same, the .

q 8.1
z:l. '8'

With this same fractional concept we . can represent a whole number
in fractions o

_e _4
8=7 4=71 ~—~

4 Improper Fracti on ""%

An improper fraction _has a 1arger numerator than- denominator and is
therefore greater than one.

Examp]e 1

13  (numerator)

8 denom1 nator) -

- The foHowing are improper fractions:

3 4 5 om0 n

Z 3. 7 73 &
An improper fraction may . express a who]e number p1us a fraction

This is ca11ed a mixed number. )

Example 2 S

_L S - _gg_mi.xed number

~_ Improper 9 9:4=2% 4 ] o

- Fraction 7 -8 :

A . . . 1 remainder over
~ the denominator

e The reverse of this operation would be changing a whole or mixed

:.nunber into an improper fraction To accomp1ish this the whole number is

multiplied by the den inator, the numerator is added ‘and this tota1 s

written over the denominator ‘ .



Example 3 ,
21/4=4x2+1

:‘. =9 . h ’ . ‘

- R S S /

' -' In reducing change any improper fractions to mixed numbers
Some mi xed nur(bers are: o

1,-’,'1- | 1 .5
2‘2.'68 . 1 151‘ 233'

. {)wlN

‘ Reduction of Fractions

k‘/‘J{h(ere are times in this process when We get a mixed number or an -

improper fraction that can be reduced to simpler terms a I .
The amount of daily water intake for 1976 to your water treatment o

' _plant has increased by 15/6 over the amount in 1975 This nunber can be chan;iaed

mixed nunber and reduced

Example 4

Both numerator and denominator in a fraction may be multiplied by

\ _the same nunber wi thout changing the value of the fraction.

2+30r215 R
6/15 6 - o
N 12
- 3. 34 3=1
6. 6+3=7
'..,Examp. le5 - 'Example 6 - Example 7 I , | Ea
o 3x 2=6_  1x5= 5§ "3x5=15 ‘ '
5x 2=10 Ix5=T15 Ix5=720




You may also divide both’ the numerator and denominator by the same

' number and not change ‘the value of the fraction | e .
" Example 8 . : . Exam§1e 9 S ” Exampie 10
S 9:9=1 giiz3 R %g-sfzz;:b.
' same 2 same same -

-2,Dividing the‘numerator and the denominator by a same number{is called

reducing to s1mp1est ar 1owest terms“

°
/

Reducing a Fraction to Lowest Terms

To change a fraction to its lowest terms div1de the numerator and’

. denominator by the 1argest number that will div1de even]y 1nto both

Example 11+ © _
15 15 ;__ 1
BIEIET

' NOTE At this point 1t shou1d be remembered that the numerator and denominator
can be divided or mu]tipiied by the same number without changinq the va1ue of the

fraction .

Sometimes it will not be possib1e to reduce the fraction to 1ts

" Towest terms with the first tr1a1 d1v1sion In this case, div1sion cont1nues

: umtii it can no 1onger be performed by a number 1arger than one

v

'.216’\216-*-3 72 72:9 8_ 8s+4 2.
328 T +.3 108 *° 08+9 -T2 2+%°73 |
In soiving this prob1em all of these steps cou1d have been e1iminated _
"' Tif we had reaiized that 108 will divide into the numerator twice and into the

denomihator three times This is usua11y difficuit to- see, however, and sma11er

numbers must be used as tria] divisors -




Problems 1 - 6

1) What whole number does 6 represent?
. . : - 3 ’ R

2) What mixed number does'gg represent? -

3) What would 20 be when reduced? |
4) ‘Reduce to simplest terms 6=
: 36
5) - Change to mixed’number aid reduce gl =
o o 6
6) What whole number does_g% represent? :

: Addition of Fractions

Like fractions all have the same number below the fraction bar.

Such as: 1 2 5 7
. -3- ‘ 3- -3.1 3- b - ';'_"t

"Nhen we add like fractions we can use the same concept used with

whole numbers except each unit is divided by the" number below the fraction bar.

1 2 3 o 5
. L.
) & : | . v ‘ :
8K _ DR -
G e T T |
3 3 3 etc. -

When we add 1

1 §_= 6 or whole numherVZ
3 3 : ’ S

w

1

1 5
: 3 : 3 _

What we do in the case of like fractions is to -add the numerator
) and p]ace the total over the common denominator '

59 55




= 2 2/4 = 2 1/2 . : ) v,; JUE ,...._M'.A.,_..j;_.,,.__.s_ -

| o 2 R2.
Suchmas:me4~——w3—"—6‘;riO”““4/TTﬁ:’?‘
R A A e S . g

gnﬂ'

Don't forget . t%,reduce to m1xed number and reduce to lowest terms

Prob]ems 7-9 | S S f . !
. 8 E' Ef}

8) 3, 2, 71 _
‘B d :

o 9) Three samp]es of wet .Sludge were weighed on a pan ba]ance. Samp]e 1. we1ghed 7/12 #
ounces Sample 2 weighed 3/12 ounées .and Sample- 3 weighed 1/12 ounces What
is the total weight of all three samp]es? o p' - ;"',,,,*

Un]ike fract1ons are fract1ons w1th d1fferent numbers 1n the denom1nators

Some unlike fractJons are: 1 . 3 1 3 ]ﬂ'- B L
L . | 5 -z T - o
£ov Suppose we want to add 1 ¥‘1 A

>

_ Since the denom1nators are not a11ke we cannot use the ru]e for adding
like fractions | : -
But by us1ng a ru]e about fract1ons from previous lessons "You may -
, mu1t1p1y both the numerator and denom1nator by the same number and not chanqe the

'value of the fract1on

. Examg]e 4 ;_11 K

,,l x 3= 3. (same va]ue as _) \
2x3=6 7.
lExamgle 14 : o | S B
’ ' i' 7'1'x 2 =‘2_(samg Va]ue as 1) ‘ ' e ‘ .v. . ;‘ .
’c S - _3’x 2{ an: ' ..3 v . | . . . a
< 55 >




Now both fractions have the. same (or cosimon) . denominator. . e

3.2
tt¢% ‘
: ~ This we can add with our rui_e:
3,.2.5 o : e . L
§'6°6 - s o o

-This process of converting fractions with different denom1nators to /,'

fractions having the same. denominator is caHed finding the conmon denominator

Yy
~ The eas1est way to find the conmon denominator is to muitiply the
two denominators ' ' o : '
3x§ -
.3'x'5 15 the Comnon Denominator o 4 |
4_ To get the neﬁ numerator do. the foHowing 2 things First take the old | .
o denominators 3 and 5 and divi de it into the new: fommon denominator 15 Second

Q o -take the new nunbers 5 and 3 and mu]tip]y it by the old numerators. 1’ and 2 '
.I-———LE".B'," le15" - 3 B
S 1_5x15 ¢
D I 11 -
And likewise we change:
2_3x2_6
5 I5 . 15
Examgi'e 16 | i ”
If wewant to add 1, 3 - S
e -5 1 |
Multiply 5 x 4 = 20 (common - denominator)
. Divide 5/ 20 |
‘Divide 4/720 . - } ' , S

56




l_4x1 4 , .
2787 200720 -
+3.5x3.15
Sy N )
19" o
20 o

So when we look for a - common denominator. we.are looking;for:a number -
that the denomﬁnators wﬂl d1v1 de 1nto evenly ‘ .,,

. -denonunator
' "E'xalngle 17 _ | ‘
| Suppose we were determ1n1ng the total weight of two- samples of wet

s'ludge.'_ Sample 1 weighs 1/3 ounce and Sample 2 weighs 5/12 ounce.

: In this case the weights of the two samples 1+ 5
C 3t1

Do not mu‘ltiply 3x12=36 '
._ Common Denominator

12 is the common demMntar i 1
Both 3 and 12 divide e/anly into 12 -- 3/ 12 12/ 12

l_4x1 34 ‘
3 12 712
t+5-65x1_5
) A vl 4
9 °
12




/ .
» The prob1em can be worked either way but do not work with figures ...
1arger than are necessary.. ¥

So to keep w1th the sma11esf oonmon denomfnators ‘we také the larger _

denom1nator and doub]e 1t and check if smaller denominators will go 1nto that

figure - if not we tr1p1e it and try d1v1d1ng

‘Such as: 1. 1.
' 6ts ~ Wil1 6 go evenly into 8 - No ~i§y

‘Will 6 go evenly into 16 - No*
‘Will 6 go evenly into 24 - Yes - This wou1d be
the Common Denominator. =

Af.
&

Lo .
Problems 10 - 11

‘1001 3
3 ) .
11y5 . 3 |
§rr
S o= . P *ﬁ.j
Problems 12-13*: E 3

Now.add these unlike fractions.,

12) 5 -
+1 . S
3 . .
.5 : - ‘
+2 . R |
: 3 . e "".: :

“We can add any - ‘number of un11ke ﬁractions as 1ong as;we fing a co?gon j;1¢$2nFéﬁ
denom1nator-v - eqf'*j;}i 1~%3 ' 1‘ '\‘ oL -“'*%\.";‘; oy
Example 18 E T I P SN NS

, ' Determine the tatal Tength of three we1rs. ?r 1= 1o 1/3 fto. weir §
1 2=201/4 ft., weir 3 = 30 145 ft. s < ;\__,__'f v e '3
. ' ] R '-_'. v \\x < ¥ v qw t‘? : - . a:.‘
. 58 .)- ks Lo Q

. . “'? 3 5 :

'\I,\-' . "" - .{.;c 4 '.; R




“ . .

Prob1ems 44 --15 ' SRR . O

4 Aﬂd t:t?hese groups of uner fractions.

. e L o N
we w:m now cons1der adding” fract1ona1 nunbers represented by mixed -

(3
.n.

.4@’

e : R \

T _
N Suppose{ we.. want to add 4 %4_ 3% -
% ﬂ.' . o M

: Lo

g (73

a o First change eeach number to an 1mprqper fraction.

AR ;4‘%' -z-gand 3% g;

., . Change the answer to.a mixed number 7 .7;_

.t &r ' f-, 4“a, gl o . :‘9. © - 60

59




. ~ .
. ) .
» i ) .
f . .

A ' This is a lot of work for a simple addition problem when we know

that , 1 really means 4 + 1 and , 3 means 3 + 3
‘7 D AR ol

If we add the whole numbers"__first 4+ 3= 7,’ then add fractions

1+
7

4
7

Th‘e answer is 7+ 4 or 7 4
S } 7 7

3.
7

- . - S0 the rule for adding m1xed numbers is to add the fractions separate
from the who]e number and then add the two answers.
There are times when the fractions wﬂl total a mixed number. So We

must -then add that mixed nunber in w1th the whole nunber

?) ;
g

A

Examg]e 19 S
ui-y
.5 15 y
B% 18 : | :
= 15
+ 1 18
5 .
8718 .
Problems 16 - 17
17) ,. 3
16) 79 15 _) 4 3
| ' . 15
~ 4 13%7'- SR ERE q
: Subtract1on of F/r;a(c%_ns | b _ |
‘When subtracting like fractions we really subtract the nunerators and : '

keep the denominator which is common.

P




AN
o
4 3, ‘
oLy
Let us subtract 3 from 5 S
6 S —— S el
. v . ) M B . ‘1:‘ \

We have a chart ‘ :
fhe shaue.d area.'vrepresent's g 77 ///////// /////A -
If we take 3 S

| tey.

6
We would have 2 or 1 N -
- 63 “ #
Or . . o . NN
Example 20 . : .‘ S o : -
U 5 _§g Lowest terms 1 S
B -1 T3

"

_. ' ~Subtract the 'fel]owing examples:
18) 13 3
16

' Problems 18 - 19

- 13- =

19)10 7
13-13= -

~ When subtracting with unhke fraci!ions, we follow the same rule as

adding unhke fractions we must first f1nd the common. denominator and express

the fract1ons in relat1on to th1s conmon denominator.

Example 21
5 4 -

§° 79 | -
. Common Denominator 15 _ g Now we subtract the nunerators and keep

————

8 18 the Common denominator giv1ng us %8'




The %comon way to write subtraction Of fractions i s as follows:

5.1
€718

4
7=

&INE®

Problems 20 - 21  {

©20)3 | o217
16 6

]

When subtracting mixed nhmera]s we subtract using the same rules as

we did when-adding mi xed numerals. First convert the f?‘actions to fractions -

. with a. common denominator. subtract the fractions, Subtr‘act the whole numbers. . ‘

and combine the whole nunber and fractions for the ahsv{er.

S
~

1
£

“% o Example22 - E

A sample of wet sludge weighs 26 13 'ou.r:ces If 12 12 12 ounces of this
" 20 20
samp]e is water. what is the weight of the. remainirlg sludge? R
26 %3 2+ ;3 U P
, or e

-2 8 -+
26 + 13 ouncas
o ] 20 ¢

- 12 + 12 ounces

20
: 1 = 14 1 ounces
- . 14 + 20 20

63




Problems 22 - 23 e . -

253y
X S S

>~

When we subtract niixed riumerals we sometimes have a problem much like

h Y

subtracting whole numbers.

Let's subtract the fonowing':“ 1 5
| ~ 7¢-2¢
7 1 'In the fractional portion of the problem we
- re axgq: common denominator, but we can't take
. L 5 from 1 in the numerator, so we borrow a
22 g- . ’ whole.1 from the 7 leaving 6. ,
| Then we express the borrowed 1 as g_ and add
that to the 1 giving us 7. S '
| 11 (1 .
or . 1 ‘ : Now we can subtract 5 from-7 = 2 or 1
‘4,3' o o ,.6','3'3'3'
| Subtract 2 from 6 = 4 s

"Adding 4 and %_ giving a total of 4%_

‘-éf"
'

' Problems 24 - 25

- Now with this principle of borrowing a whole one and expressing it in a

fraction, do the fol]owing subtractions

-3 . o © 2
7 - | - ,_' 143

Mu]tiplication of Fractions '

S » -
Uhﬁll-ﬂnﬁ-ﬂi-the_tastors_is_a_uhﬂg_nm. such as%xz we

63

6¢

3

.y -:: .
P
- i C -




.

.multiply the whole number by the numerator of the fhaetion and put the product

over the denominator.

Examgle 23 ’
2.,.4 : o ‘ o " '
3 X 2 -3 ) : cn Ny | Mo
Then we convert this to a mixed number by d1v1ding the denominator "

into the ‘numerator.

- 3 ’ N X . * .

ExampTe 24 o o - o

. 1 . - . v % -
3/ 3 ~mixed number

3 ‘ . . L * ) )
o To'use a graphic piéturefof thiS'pfocedure:
7/ /R
17/ /Al
2. x2 = 4 or_ 1
3 o 3 < 13
" Problems 26 - 28 -
;26 3x3_= o,
: ) X 11 - _ ; Co o : .
o | ¥ - : T C . B
. 27 S T Lo ’ -
o ) 5 x 7j'= . o : . . A

©" . 28) A 500:gallon water tenk is only kept 1/10 Futi;) How many gallons are inside?

Multiplication when_Both Numerals are Expressed in Fractions

: The rules in th1s case, 1s to multiply the numerators then multiply

the denominators giv1ng you a new numerator and denominator

6465_'




Example 25 | T o

| 2,88 4 S
- - 3%F 5 T o

Sometimes the product can be reduced to simpler terms. When it can be

. reduced it should be reduced.

Ekamg'le-.ZG f
' 2.3
5XT

=6 .3
"2 )

Problems 29 - 30 | o

Now with this pr1nc1p'le knOWn we can do the fo'l'lowing mu'ltip'lications

of fractions:

Next we will mu]tip]y a mixed‘ number by a whole number.

‘ The ru]e for this 1s to fi rst mu]tip]y the who]e nunber' by the whole
ﬂ
number part of the mixed nunber Then We mu'ltip'ly the- whole ‘number by the

' ~.numerator of the fractional part of the m1xed nuhber, then add the two.

+ . ExampJe 27 o - - '- = j
- BT} men on a first shift of a wastewater plant each work 4 1 hours
. . 6
How many man hours is this? , N
: « 4 1=3+9:3+13
9x4+9x ‘36 g=% 13.

1 - -
g Q[nenAx43. hrs Xz .
. .; . =. 1 i l .
' -» . 36 + 1 7 37 5 man hours
'-\‘1 “ . . —_— 3 ’ - o . ; .




or

) 1 = 4 + 1 .
A B. hrs B‘ - )
X9 men = X9,
+ -—E = : + _].'.. = 1 man hOU"S '

_\Multjplying a M1xed Number by a Mixed Number or a'Fraction '

| with<the-above example you can see we have twodmultiplications and:
one addition to do to solve the problem. If we were to mu1t1p1y two m1xed
numbers we wou]d have to do the process twicéﬂwhich makes six operations
-~ to solve the prob]em. Large numbers would make the procedure very. awkward
| If we ‘were to change all nunbers into fractions (proper or 1mproper)‘
and mu1t1p1y the fractions, the procedure wou]d be much s1mp1er

. “Example 2§A'

¢

2 4l
b -_5_x_2_l 105&15 7 ; |
3x 15° 45&15 T

_Exampie 29
3x2§
112 12:3_4 - T
3,x 5 12:37F% : . : B
>

There is only one remaining prob]em w1th :;ﬁs new system and that is

- the simplifying at the end.

There is a way to lessen th1s problem by what we ca]] cross d1v1s10n

or canceling,out




The. method 1s that with the multiplication of fractions we can divide the

numerator of one fraction and the denominator of the other fraction with a number '

and not change the va]ue of the fractions as . a whole We can simplify the factors

¢

of a fraction in ‘the same way: " »

We divided both numerator 1, Lg =ly2.2
and denominator by 5. ¥ T°3° 3

~  We divige the3andrthe21 5 N
‘ by 3"an the5andte5 B 1 ,7_1

by.5 FXFEIxy=ToOr7
. We divide the 5 and the 10 '

by 5.and the 2 and the 4 . '8 2 _1.1_1
by 2 . ,,1’3"; X771
This above process changes any who]e numbers into fractions by putting Y

* the nunber over 1. Then change any mixed nunbers to impr0per fractions Next,
use cross division or canceling out and then muitip]y the numeratbrs and |
.-. . ‘, muitip]y denominators Last, if necessary, simplify to lowest terms or change

to a mixed number -

- Exaiple 30 .. w, | o
2-3-x g-xzs _5_(3)__‘1_:2;_

Foﬂowing these rules do Problems 31 ~ 32

31)32)(1?-

——————— . . . . 2

K N : : e
: - . . P

32) A First sample of suspended soiids weighed 2/3 of an ounce A secand

samp]e weighed 3, 1 times more than the first How much did the second

‘5

_ i"g o samp]e weigh? . .:.';' o L
g . ‘;.", » - B . . - . ‘ Y
, . | Diviston of Fractions | ‘
' v In a division prob]em with fractions, we have a numerator which wiH be ‘

‘. divided by a denominator to give you an answer.

e a.7"-_68"’:. i

-

L -




Examg1e";31 . " ‘ e - .

uﬂlp‘r\)]'—t

1.4
23

To divide _%_ by _g_we_firfst'find the réciprocal of the denominator 4.. |

e . : A . N -
‘The ‘reciprocal of any fraction is the fraction turned upsn:‘(*ig' down or’
* 45 inverted: |

Example 4 has a reciprocal of §
S 5 B 7

- To divide %_ by 1ﬁrwe simply invert g_'(tum it upside dqwn),’ and R

multiply as usual.

. 1 .
l L'.i _z__ ' l _!i = § v ’ .
2°5 . 4 2 %1 8
5 o
‘ K " , Remember we foHow all the ru]és‘ of mtﬂti'p]ying fractions when we do this.

’Examg]e 2 %-.
L An operator #-_ -a small 1/2 gallon steel paﬂ containing 1/2 gaHon

_of atreated water’%
| ; amount” 1n the paﬂ tw1c ‘as smaH How much untreated water was left j in j:he
pai1? o - P . -
. 12 2 1/2 - Invert and r.i;ﬁ]tipjy _1/"2.".x" =

 Example3s - T T ¥
-’ 9 . 15 ’ . Invert andmultiply § . 8 -3 T
N T ®E . . | | T8 10

(use cancelling)

69

. . | : _ 68 .- . ‘ C .




’ Example 34 ' o L ‘
13 2 . PO ‘ ’
li5:65 | | o .
28 ;.23 o o Change to improper fractions-
- 18778 T , - o
%g'x 5 - , : Invert the diJ(;;;\and cancel jout.
¥4 B T T |
- Now we can do Problems 33 - 35 -
- 33) 3 .
-
), %U 3%=

35) A dosage of 4/5 ounces of f1ouri ne added to 1000 ounces of water at a
water'treatment plant was considered ‘to be too strong How much flourine

wou]d be added if the 4/5 ounces of - flourine was 3 -2- ‘times smaHer?

. . . . « : . . ’




~ SECTION II

~

POST-TEST

1 -'é) Reduce these fractions
: 73 lowest terms.

6)

In a 2 compartment septic
tank the first compartment
contains 2/3 of the total:
volume. What would be the

. maximum volume of the first
- compartment of a 900 gallon

tank?

7) ‘- .

7 |
21 ®

2) 176

3) The tab]e at ‘the right + .P1pe
shows the number of + _Diameter Gallons
gallons of water that 1" - 47710
different sizes of 135" -9 1/5
pipe will hald in a. g 2" 16 3/10

» 100 foot length. How .
many total gallons ' 8)

will 100 feet of each
of the three types hold?

®

4) Subtract

[
~ 'l w
xR

~ 5) About 1% gallons of water

is needed each day for

just physical subsistence,

and not sanitation or otheg

uses. What would be the

minimum requirement for a

city of 250,000 JUSt for
;that purpose? : 70

If 5 ounces of a disinfectant

are included in 50 ounces of

- water, ‘what fraction; of the

9)

total mixture is d1s1nfectant?

WL
hd v
Ao Je
LA

& " 2 . »
Your first anaerobic digester

~ can handle 5/2 the sludge

10)

71

level that your second

‘anaerobic d1gester does.

Change this- improper fract1on
to a mixed number :

If your first anaerobic d1gester4

handles 25/7 the sludge load as
your second anaerobic digester,
what would be the equ1va1ent
mixed number?




\ SECTION .II
| POST-TEST KEY

1. Y3 L
2. 88_44
ot -

3. 3 1/5 gallons

4, ‘1/60. | _

5. 375,009 gallons

6. 600 gallons . »
7. 5/21

8. 1/10

9. 2 172

0. 347
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Y. - SECTIONIII

UNIT 1 * DECIMALS
A\ L T
. Decimals |
.. Addition of Decimals

Subtracfion of Decimals

Mo

- Multiplication of Decimals

Division .of Decimals

. Decimal and Fraction Equivalent

Decimal Fractions = . .

UNIT II PERCENTAGES
~ Percentages
Percentagevand Fractional Equivé]ent_

Percentage and Decimal Equivalent

© CUNIT I RATIO AND PROPORTION _

¢

a M

.
Sy
i

." o
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. .
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T R T " SECTION INSTRUCTIONAL PACKAGE,GUIOELINE'

e
S LESSON NUMBER: Section 3 |
;;3g\; f.ESTIMATED TIME: 4y hours™ - - . | - - ¢
L JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE A knowTedge of dec1ma1s,
: percentages, and rat1o and proportion is important for water and wastewater
pTant operat1on ‘
.PREREQUISITES- The learner shall have successfu11y compTeted sect1ons 1-2.
~INSTRUCTIONAL OBJECTIVES ' _ ¢ : .
Term1na1 Performance Behavior - The learner shaTT successfu11y compTete this
'mathematics section. Successful completion of this section shall be - -
demonstratedeqhen the “learner through pre-test or post-test written examination
has met the Spec1f1ed criterion level based on the behavioral obJect1ves of this .
. section. .
Behavioral 0bject1ves - At the. compTet1on of th1s sect1on the Tearner w111 be
able to: , _
. ' o Demonstrate in’ writing the: proper placing of the dec1ma1 po‘lnt
Name the six pTaces to the right and Teft of the decimal point.
_ Convert 1n wr1t1ng decimals to their equ1vaTent va1ue as a fract1on and
vice versa,
Identi fy decimal fractions. |
- Express in'writing a number asra percentage and vice versa.
: 'Convert in writing a percentage to its equiva]ent va1ue as a fract1on and
vice versa. .
. Solve percentage probTens Which involve mu1t1p11cat16n and d1v1s1on - B
Ident1fy a rat1o e '
Identify a proport1on »
SoTve ratio and proportion probTems us1ng add1t1on subtract1on mu1t1p11cat1on,
_and division where necessary. - .
. | . Perform the foTTow1ng operations on the types bf numbers
' T Add1t1on-w1th respect £p decimals -
- Subtraction with respect to"decimaTs- o L e ok
A:'-t"'.?v"', . . . t ' 74 ‘ ’% BRI . .

‘. ) J..»; 6..}:\"“ . “i
i SUBJEC

MAiIiR Lbas1c Mathematlcs for Water and Wastewater Operators '

- 45:4 ‘ ‘UNIT OF INSTRUCTION: Dec1ma1s, percentages, rat1o and proport1on

FRICT . s~ R T | | )

!



K) ’ , “{\

Mu1t1p11cat1on with respect to dec1ma1s
D1v1S1on with reSpect to dec1ma1s
Cond1t1ons - None

" Criterion - Level of Acceptab]e Performance-- M1n1mum paSS1ng score is 90%
" on either: the pre-test or post -test. :

INSTRUCTIONAL APPROACH Individual lesson utilizing self-paced study of writtenf T
material, = # L C T ' e

INSTRUCTIONAL RESOUNCES T L b | V%g;;l Qf:.tzé
Ava11ab1e Supp1ementa1 Mater1a1 ' L L -

Assimov, Isaac. Quick and Easy Math. Boston: Houghton Miff]in-Company, 1964.
PP. 112-158. . | o £
Presents short cuts to decimal operat1ons

a

' B1tt1nger, MarV1n, L. and Keedy, Mervin, L. Arithmetic A Modern Approach. .
.. Reading, Massachusetts: Addison-Wes ley Pub1ishing Company, I§7I PP 341-357.
Offers extra pract1ce problems in ratio and proportion. i

Mueller, Franc1s, J. Arithmetic Its Structure and Concepts Englewood Cliffs, ‘
“N. J. Prentice Hall, TInc. 1964. PP, 205-207. : '
G1ves historical account and. descr1pt1on of percentages

vThompson, J. E. Arithmetic for the Practical Man. New York: Van Nostrand

Reinhold Company, 1962.
Briefly explains mean1ng and ru1es of ratio and proport1on

-Suggested Supp]ementa] Material

M1ra, Ju11o, A. Ar1thmet1c C1ear and S1 le. New York' Barnes and Nob1es, Inc.,

. 1965. PP. 117-158,
‘G1ves a thorough review of the various types of dec1ma1s and dec1ma1 6perat1ons

°
~

RS




SECTION III

‘ R - PRE-TEST-
1) If a water supply contains o 6')' Influent BOD to a clari fier is
20 mg. of sodium per liter, . 200 mg/1. Effluent BOD is 100 mg/1.
and has an average daily - What is the percent removal in the
consumption of 75 liters, v - clarifier? .
~how much- sodium would be o ' o B R
consumed through- drinking
water-each. day? L :
7) What percent is 40 of 507
3.74
6.251 - o : ' '
80.4 _ . | )

- 7.62

o o - 8) Peyicent-"remo\ial of BOD in a
. : - o .’ ~ clarifier is 40%. 1If 80 mg/1
_ : ‘ - o - are removed, what is the

n | R “influent BOD?
‘ 3) In 1970, 218.3 billion gallons o
. of fresh water were used by - E
- industry each day. It is ’ ' I
oy - estimated that in 1980, 394.2 o
- - . billion will be needed. How y
much of an increase is that _ !
- in the ten years? = - N o . I
: - - 9 - 10) Solve -th§§e propofitions. LA
9) 100-x A = 1,000 x 1,000
460 S ' ST
T80 - \ .4 N
- 10) 0 _ 100 _
: A" 10 N ; .
_ 5) Convert the following decimal./ L : €0 |
e to a fra_ction.. o " - _ .
% 62,
D 97
75 :




- 10.

8

SECTION 1II
PRE-TEST KEY

.. 1,500 mg

98.011

175.9 billion

.575 .
62 _ 31 B
9700 ~ 4850 .
, - 4
6. 50%
7. 80%
8. 200 mg/1
9. 10,000
. A
4
.
;
K 4 _
\ .
) 16




CSECTION IIr o [

"~ UINIT I CL © DECIMALS
U T © " Decimals

_ = In our number system the regular who]e numbbrs are grouped in ones,

tens hundred thousands, and so on, 1ncreaS1ng in mu1t1p1es of 10 as we move
‘left from- the decimal point. ' o '

'%%} | Examp]e | L

| .

100.

1000.

.ones

tens

hundreds-

- thousands
| ) v etc.” _ .
$ - The fractions of numbers are grouped to the right of the. decima]

point and decrease in mu1t1p1es of tenths as. we move to the right

. .- . - Example: ' ‘.,1.

v Lo

1l = tenths
10 A )
1 = hun dredths’

100 ‘
001 =1 thousandths

_ Thus a decima] po1nt serves to separate whole. and fractiona] part )
“of a .number, - ) .
The fo11OW1nchhart names the six places t0 -the 1eft and to the

r1ght of the decimal point. 1'~ ' S e




o

" The decimal system is also partially i]]usfratedtin Table .with 

regard to p1acemenf.of the decimal point:

| TABLE 3
* :PLACEMENT OF THE DECIMAL POINT

6 zeros 1,000,000. . ~ one mi]]idn
ﬂSéMs,,f 100,000. '\memm@dﬂmum
4izeros;< K i0,000;" o ten thousand.
3 zeros+™ ~ 1,000. . ' Qne.th0usahd
i 2 zeros _L 100, o oﬁe hundred
| | 1 zero \_ -;—10. : | ten . |
I _ L | one
1 place o © 0.1 - one ténth -_
- 2 placess . ° 0.01 -one-hundfédih |
: 3 places L 0.001  one thousandth
.4.p1aces .f/f . ! | 0.0001  one ten thousandth
5 places - ] 0.00001 one hundred thousgndfh P

6 places © -7 0.00000 ' one millionth

- Some examples of how decimals/ are related to fractions are as follows:

Example 1

' v = S : '
two and five tenths : : . SP
5 R .
2* 70
}Examé]e 2 ) 7
'- ' 16.34 o ‘
sixteen and thirty four hundredth - -

U

B - B o




. 321.296 ‘
three hundred twenty .one and two hundred n1nety six. thousandths
: 296 .
: R+ o
o ~ Addition of Decima1s T “

.2 » ¢

When we add who1e numbers we put all the ones in d§§o1umn all the

tens in the next to the 1eft, and SO on.: Then 1t is easy to add all the ones,

'tens ‘etc. o y
Example 4 . o ‘
; Ca1cu1ate3the total 1enoth of weir. . ',f' 5 ft. Add 5
| s 216 ft. 216
.23 ft. 23
+ 642 ft : + 642 -
: "'533_

~In decima]s we do the same th1ng with a11 the tenths hundredths.

thousandths, etc )

¢

Exam p]e 5 o .
o Add - 0.3+ .0592 + 167 + 203 = o .3591' L
0592
.167 ﬂl&
+ .203

To make the add1t1on even easier we add zeros before whofz\ﬁhmbers‘
and after decuna] numbers to square up the prob1em These zeros do not change the
-Iva1ue of the numbers. '
| Th1s wi11 give you all the decima] points 1n 1 column no matter how
.many numbers we have before or after the decima] points. 4 |
- Example 6

03.5600
-710.7320

S o0Lzoo -
o3@es fo



" Then we add in the usual way but remember1ng to include the dec1ma1
p01nt in the answer in the same column as the other decimal po1nts

03 5600

10.7320
. 01.7000 .
& 03.6784 oo :
* 13670

~ Now we can do the following prob]ems , ' />‘
1) Four samples of d1gested sTudge we1gh 13.6, 9.7, 3. & and 10. 4 grams resgect1ve1y

~What is their total weight?
13,6 + 9.7 + 3.5 + 10.4 =

12) 9.5+ .016 + 32.3 + 7.0312 = 9
3) 0.3 '

oo
OO NwO
[

R , %»f S L
The Ru]es of Add1ng Decima]s

Keep a]] dec1ma1 points -and numbers in columns: -

The same rules for add1t1on of who]e numbers will st111 app]y in

&

deC1ma1 add1t1on

Subtract1on of Decimq]s '

The same rules wegused: for add1t1on are used in subtraction so 1ong

as you keep the«columns in Tine and the decima]s in Tine.

Then we_subtractﬁin the usual manner. |

e

~z



¢ C
.f néw we can do thesezprob1ems: ‘ o 4 . o '”ﬁgﬁﬁ
4) 4.9 e m1 T g - a0e. SR
-30 . - - 5.431 C S
The Rules of Subtracting Dec1ma1s , .« ’

Keep a11 dec1ma1 points and numbers in co1umns ‘ : ’
The 'same rg;es for subtract1on of whole numbers will st111 apply

in dec1ma1 subtraction. s | | o o y n' , ,

Mu1t1p11cat1on of Dec1ma1s o o : :

In mu1t1p11cat10n with whole numbers we went over the pr1nc1p1e of

the powers of 10 Any number mu1tip11ed by ten wou1d be that nunber p1us a. 0

_.en the r1ght4end_ | 1 , ‘ B S “ )
"Example 9 . ?i
.35 . \
x 10 <
350 . 4 L
| Every who1e number has an unwr1tten dec1ma1 point to the r1ght Thus,-
_ »when we' mu]tip]y by ten wg are rea11y movihg the deqima] po1n¢ one p]ace to the '
44r1gh Lf , . ’“?." " l““;f - ‘ ' '
” Example wi th dec1ma1s 10 o h? _ .
35. - 'fﬂ' L ’ _-: i S - . 4,'
- x 10 ' S L . . R

350,
o 81



is located

~ Example 11 }j-é§‘i ;gq: .
o 2.6 X105 326, 7%
T nesorBigiaiazes.er &

R ) 0621 x 10 = 0.621

T rignt. ,,, ._

e

SN aTekx 100 = 376 32 s

| 01623.x 100 1. 62/3 S ,
.. o 'zs' "
"iTh1s goes “on. thrOugh the m1111ons 1f nete
” ;"'Now do'these prob]ems ;f{

do not have to keep the decimals ﬂnﬁa;qpbumn.” He proceed to mu1t1p1v Just as we -’

AN

L ,Il . o .‘v - . ‘. ,m-:Z. o & - ‘ ¢ -‘.b‘ ) . *ﬂ

117 - T o SR L
% 2. 4 B R g |
VO o 234 : ¢ - o L o SET o : o o :

§
Now to f1nd where the decimal point shou]d be. “Fhere are two p]aces

s ) --»\0-

to the right of the decima] point 1n 1.17 and one place to the right of the

&

_{ﬁ;‘ decimal point in 2 4 The sum of - these places r 1 is 3 and we must 1nsert 1' o

™ . I

the deqimal point three b]aces to the ]eft of the last digit FREPET L

2808 2 808 i

G e T e

.fz_. . I.



' LA .
v 7 N
.3 1 decima] place
.104 . 3 decimal p]aces
and . .3104 4'decima1“pﬂaceg
: - . " . 3 , Efr -t i
| 342952 | " 34.2952 5 L
d Now We can do these prob]ems S . ,
-10) .809_. ',f 11) 7.3 - 12) During a peak flow per1od ch]or1ne
- x9.15 . x .9 - o démand reached 7.21 mg/1 at a water

t1mes this amount? “

" The- Two Ru]es of Mu]tip]1cation of Decima]s S "::,:'hF.

‘f"“ A - :-'

Nhen mu1t1p1y1ng a dec1ma1 by 10 or a mu]tip]e of 10 sggh a§%ﬂBD

:move the deC1ma1 po1nt in the answer one p]ace ‘to the r1ght for each 0 1h that

' number‘

e when mu]t1p]y1ng a dec1ma1 by a decima], sum up ;he p]aces to the

right of these deéima]s and 1nsert the new decima] po1n€)that many'places to.

the ]eft of the last digit : *; - ";‘ I
~‘/'?1,: . ':f Div1s1on of DecﬂhaTs ¢ f T t 2

When we divide any number by 10, 106. ,009 10.000 etq s We usé’the

tens prlnciple as in muTt1p11cat1on except Wwé_move the dgcimal to the left.,"';/

E %:Examgle 14 _'? e . .'-‘. | | -;‘ w
| N ,'341-- 10 = 34 1 EEEEE B |
V . M1's 002341 - o e
341 : 1000 341 “”f; L J'f‘~‘:j o B

341410 = 341 ;'ﬂiéa.

. .0381:100 = .000341 R
s o . 3 " l;_é;4“ . R -:.{ M
L \ ol

treatment plant. How much fs 3.9




v 4 L.
- S -oa : . .
.. : .

Wi th this princip'le we can now do these prob'lems:'.w' o

R 13) The sewage flow through your p'lant is 64 3. MGD. If the f]‘ov.v"was lbiov'times Ej‘
r’ ' 'Iess what would it be? ’ . ' 6 |
14) The sewage flow through }eur p?anlt 1s 146 MGD If the flow was 10 t1mes
" 'less ‘what wou'ld it be? . ;’!%i ‘ L e ) N
15) 411 0= " o BT . R

=

o l water f'low at a sma'l'l treatment p'lant 1s 465.1 ga'l'lons ‘per hour. During

a backup per1od the ﬂow was 100 t1mes 'less How many ga'l'lons per hour

T R T this? ° ] ,
IR * Now we will do division with decimals when the denominator is a whole =
' The .div1sion is done the same way as if using a'l'l who'le numbers
. ' \ L :
%cept we have ‘__to be sure to put the dec1ma'| in the answer. _
-‘Examg'le’ls. ' ‘ | o :
o 7.19 - answer -* ‘ |
A denominator 9/, 64.71 numerator 5 .
I . L. 63 oy,
' 17 - . _ . .
'\ . =
| '_'numerator before doing the numem ca'l div1sion R ) :
A e _ : e e =
oBamless @
o . s '
O a o o Faa, !
C @ . e ! . .‘g‘l{‘. i ' 5
g0 8,5 - ' ‘,: A £
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o \4

T S per atre is ‘there?

@i‘n. .
P

.was spread over an area of- ; - L
"'21 acres.” How much sTudge B ‘

r : E L . :;" N'.
17) 7/‘3115— 18) 540 5 pounds of Nudge . 19) 457 188.1 Y

Now for d1v1sidn when both the divisor and dividend are’ expressed

'in dec1ma1s. : L e

" Example 17 e f o

.denommator tof,ak"eh awhale

| the nunerat'or the *§3ggp}mb_ A g

STe

i ) B %’ :“ w)"’-’ !
. : _\ G m’gﬂus G/W;

a. - .
T . ¢
- .

1

prgblem the,s_ame waf-we ’

. Just "re"n%@? g

same power d.f\\en.

L Move decima] (o T L ‘ RS

raxor and denommator by th .

T 95-

» f .
- . iR
' ] . ®
- a - . g
. e : R
! - 4 St i
. !



22) It takes 3 7 hours to.
move 1494.8 galions of
sewage through a grit
chamber. How many
ga}:lons \oer hour is th1s?

The Three Ru1es of Division of Decima]s

Nhen d1v1d1ng a dec1ma1 by 10 or a mu1t1p1e of 10 such as 100, move

. -

. . the dec1ma1 po1 nt in the answer. one p1ace to the 1eft for eacw in that nunber,.

when diV1d1ng a dec1ma1 by a who]e number p1ace ‘the decima] in the e

| answer direct]y above the dec1ma1 in the numerator.

i When divi d1ng a dec1ma1 by a dec1ma1 mu1t1p1y both the nuneratorqand
S denominator by the 10 or the mu1t1p1e of 10 that wﬂ,J make the denominator a 7

.o who]e nurrber. . - R
. 2 X "‘ I 7 - . \. ’ . ' R .“." T -1'.' "

e v ' .

: # Dec1ma1fand Fraction Eguvalent L v .,
Numbers car’ be fexh’Aressed fn many ways. Two of the ways that nsgmbers»

k can be: expressed (which we have édy learned) are decjlma]s and fraction‘? o
For examp]e, if we have a p1e ,and cut 1t 1nbo four p,arts ‘we caH each p1ece ‘ '
. l »é 4 .k F, . ]
ot LR fractwn consist1ng of 1/4 the pie or we maﬁfsay that the W e pi oot
R . o T . ; Iy o
% ‘.so that each of. the four p1eces is- .25 S1nce the numbers "15“ (a fract?on) and . g
S A
oM 25“ (a dec1ma1) represent the same va1ue we say that they are equ1va1ent, L K
N o « I
y. - and can convert one form to the other. ) S E
/‘ Let us ﬁ rst convert or change a fract1 on to a decima] ':ro change | 1%
’ .

'ar{y fract1on 7to a dec1ma1, d1v1de the n .ffator by the denominator. _If you L
ar comg]et the div1S1 on of any fractron, 1t canes out even §
. Examg]e 18 - . S Lo T .
e 3 0.750 o S sl

2= 324 = ol
4 v PO ORd L .
. 2—8— - T, DR ‘,.,' . : ‘..




Example 19 _ . e
o . 0.833 . . . . (not even) -~

. Example 20 s

" Example-21

:“25) Change .3 to a fraction. - 26) Change .

S"".

§= 5+ 6=6/5.000 .
. 48 o

_ 20 - ' R

2 |

. ) ——
e o S S ' — ’

Problems 23 - 24 . ’f . \; L

- 23) Change 9/10 to a dec1ma1 24) 7/8 of a ch1or1ne tank is fu]? Chanqe

this to a decima]

¢

“ ,,- Now/1et us change a dec1ma1 to a fraction ?“

does not change the value of the answer _
SN o a

-l 100 25 -
0?-5"100 100 -

‘.

, .

1000
0 375 x 100

s 25 - 2

"f% Dec1ma1 Fr ﬁons7 - ‘1§,_

Decima] fractions are fract1ons which have 10 100 1000 etc y

4

for denominators They are usua]]y ca11ed decima]s;"

3 ~v,‘.. . . ',’?,T;f . ~
s ff §3'= 0;5 5_five-tenths~

] . . . . : B . R i
o N - P T R B .
. -\L_ N - M . O
A
.
.

®
e —

+

"h%change a dec1ma1 to a -

18 , : e

L.

to a fraction, ..o




P N ;8 Ny

Eﬁ.

three hundred seﬁé'n_ty-ﬁ ve

2 375 = 375.025
- 1000 ~and twenty- ﬁv,b thousandths

ST , or: three hundred’ seventy f1ve
o o . . point zero two five Y

wmc 0 the foHowmg are dec1ma1 fractwns? 1°

J R

@

Aruitoxt provided by Eic:
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e : . ' : . . . . A
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e _SECTION.III. .- | , [__

. ' va
3
' Wit S~ PERCENTAGES - - |

Percentage ' -
Express1ng a number in percentage is Just anotherR and sometg""’

L

s1mp1er, way of writing a fract1on or a dec1ma1

It can be thought of as parts |

per 100 parts, since the percentage is . the numerator ofgg fractfon whose ' v
-~ . -~ denominator is "always 100. Twenty-f1ve parts per 100 pantsﬂis more easily

'recogmzed as 25/100 or,o 25 However, it is a1so ;SNZ'

Go symbo1 4 takes the p1ace of the 100 in the fract1on and

Nl L

o nfthis case, the

thevdec1ma1 pointlin

o %the decima] fract1on ‘v o : ’vg . )
P sﬁ Percentage can best be i]]ustrated hy a p1e chart showing BOD
' remova]s of@gaste where fu11 c1rc1e is 100%. ‘-Ail" ‘ T
S S A e _ TO RECEIVING o
S N~ STRERM -
‘ ' . g =
.~ 35% :
* IN'PRIMARY " ot
.~ TREATMENT -
55% N
stechoARY
TREATMENT .

\ compa-res 20 to 1oo ﬁ s " | o |
L T Th1s comparison 1s ca11ed a ratio and we usua]ly represent a rat1o ' , ~f
" | in the form of a fract1on. #', - o 31 c q‘"ﬁ T o | h. - “¢<§
N : _ o I R :
T o S =20 O T G

i.nf_.' f(;,_?PZL. 100 . e T t

':.a;‘%(? v.90 v. .-" | N T‘ :-‘_ i

.
It




- So 10% is the same as:10

What is the.ratio.for 35%?

. B . )
€ .

R

qk ' .-Percentage and Fractional EQuivalent

-~

k %p "%ﬁ’
: Examp]e 22

2 A 7 ’
' ~15% : 100% = 15% X -56%
+ Example 23 -

| 0.4% 3 100% = 0.4% X

) R
’ .":'?

. Example 24 h;:_L.{

o,

To change percent to a fraction, divide by 100%.,

Ef In these exﬁhp]esfnote that the two percent s1gns 'ce1=eech othdr.. ... .-
, :L) AR

; ;ptﬁw ff To change a fratmionfto percent, multiply by 100%.

S Qxi'_v, a 5 - 500% _ o
O x 100% T 125%. . -

q° &

Prob]em 27 f;:. f.:%ﬁﬁ@f'”

é-f.
e

e e
reduce,.

:ﬂ‘kf Prob]em 28 ’ "p“:p"

percentage does th1s represent? vf*

. Wet s]udge is found to coqtain 25% so]1ds \Change to a fract1on and

n A p1ece\of wastewater equ1pment ma]functions 1/3 of tﬁe t1me




Percentage and Decimal Equiva]enfj‘

If you want to convert 2 percentile directly to a decimal ‘the procedure

is very simple You take the percentﬂe and move the decima] two p]aces to the

left. (This is d‘lv1d1ng by 100) from pr'ekus lessons.

Examg]e 26
» b

WA g1gesger destroys 61% of raw s]udge Express this value as- a decimal. g

2613 = .61 (.Zifﬁ-
If pl[fwa“nt

.

e ,t .conxert 'a- dec1ma1 to a percentﬂe you. mere]y do the

: *“v

L rever-se “We | move the dec1ma1 tvio places to ight.- (Th1s is*multiplying’
Mettien S : o ?i?“f - . d
| by100) oL

LS

e

Examg]e 27 % R SR N .
oo "'":m.'a- gk . ' oot L : )
) T 65 = aesy | | | .
’ A wastewater plant ‘has a.daily: flow eapac1ty oﬁ 1 000 000 MGD. Since AT
‘1t operates at 50 000 MGD, only ";05 of the'blant $. capacity is used. Express' .‘_'o
this as a percentage 505 = 5% L . .
"  Newrwe can change % o
o ,.,,p"-‘«-" . : ‘:.
\,&.Eénvert‘ these values E ’
g il o .
Prob]emé\29 -"30_ T, #
29) 21% A;T‘3'3ﬂ3 oot T
and




{
TABLE 4
~_Common Fraction Decimal Fraction Percent. :
i - : o ,
100 o - 2.8 285%7 1
} TO'O' _-(f_g i " 1.0 | o 100%
‘ 100 20% . _
. | 3
v 100 . - 1% :
1000 .. - 0.001 - 0.1%
A . _ . '
1,000,000 " 0.000001 .~ 0.0001%
Sample Prob]ems Invo1v1ng Pe % o R T _
. :s:.-.-?"f Prob]ems 1nvolv1ng percent are usuaHy not comphcats,d s1nce their . '
sp]ution consists of on1_y one or two steps The pr1nc1pa1 error made. 1s usuaHy W
a misp]aced dec1ma1 po1nt The most common type of percentage prob]em is f1nd1ng o _
mrr_ . \{,-""w. . S : - P " ﬂ-
ahat percent one nunber 1s of Anbther S , . o
* In th1s case, the prob]em 1s simp]y one of read1ng carequy to
Y - ORI P
deternn ne: the correct fract1on and then convertmg to a percentage '
-~ Example 28 e Lo '. L - i
R Inf1uent BOD to a’ c1ar1f1er is 2Q0 mg/1 Efﬂuent BOD is. 140 mg/1
oS |
As tﬁe percent; remova1 Ain the c1ar1f1er? (WE 200 - 140 = the part .
) 1 : ) . . < Wi‘
- removed in the c':lar1f1er ) ' ',-- R R . :
S = : : : IR T
R . 200 & 140 - 60
.} A ,’ DR 200 200 0 30 of the origina] 1oad 1%?removedl e
. 0. 30 x 100% 30%. remova1 o - //
Therefore % mwa] L
’ S 3K




v o - ' . o .
: . - . .
_— . oo oL o oy . - .
I . L .o o . [P
. . .y . Co- . L g e -
E PP - .
. i c .
v .

Example’29 . A
Find 7% of 3. U A

s1udge containing 5% solids and 95% Water? -': A;"f‘

. wh""" ”100 1bs. of wet s1udge. ¢ -

" Find{gg;gLn-

“H_Another,type"of~percentage problem is- finding:

Pertent.of*a Given Number = | - ’ - <3E\\_
v : :In this case the percent is expressed as a decima], and the

A
numbers are mu1tip1ied together.

ikl

[
E'; :
:

-0.07 x 32 = 2.24

N ‘ - -
it 5y
LR : .
. - U

| Eéémﬁlﬁeﬂl &~' R SR - "'--aftaﬁiﬁgpfﬁ?x

Nhat is the weight™o of dny so1ids i a ton (2000 lbs*) of wastewater

-

,v

NOTE 5% so1ids means there are 5 1bs of dny so1ids for every

- .Therefore b o - ';

Ibs. of solids ,f*;.7"

. 2000 1bs. x. 0. 05 = 10

,\a-‘

hen a g1ven percent of it 1s'known

,;,. S

: S1nce th1s ﬂ%ob]em is Similar to th,:irevious prob]em. the~so1ut1on¢

;
s
3 h
-
- =]
- - :
- L
&
N
-
¥ . >
PO
T
. o
C-




CExample 2

Percent re%%va] of BOD 1n a clar1f1er is: 35%
removed, what is the influent BOD? » . "f

b - Influent BOD = 0.35 =-200 mg/1

e i AR W SR U S
ERIC ™ o777 e T R e R

. . . e ﬂ v e e e e LT e Coe . 2

s



.o CSECTION.ITT.... .. . e . | o
. ANIT T »"*“fl‘;’ - RATIO AND PROPORTION T . o ]
';'f# LTllv e All math problems can be understood by knowing two principles--‘ - )
= ratio.:nd proportion Understanding these two principles are. the key to: |
‘ solving all math prdblems Throiigh -a fundamental knowledge of ratio and R

proportion any math problem can be solved If you learn_anything*in this o

N math course, learn and understand these two'ggﬁﬁkigl;soo% ratio and ’ 1 3
Lnj;_wi} proportion W1th this knowledge you can manipuTate numbers such that you can "

i Asolve any ‘math problem With the use of these two thls you can master any ;j ; "’éy"
}__math problem Ratio and proportion are the two most 1mportant concepts and pieces 33
< 1 of knowledge in thlS course Master itl 1 oo A ‘; o) ‘ |

' - Ratio is the comparison of two" numbers w1th the same denominator » jfu'°ﬂl :!

‘For example, 1 inch compared” to 3 1gches, or 3 boxes compared to 7 boxes :;}h:f-':.y;r

N

'ﬁf;Ratios are. written either as fractions, 1/3 or as 1:3 (which is read "the

D e
S ratio of one to: three") : . o R 7' e : G
te . ‘ . "';'I:;'.g . o .

"_l* o Proportion 1s the equat1ng of- ratios For example 3/6 is egual to

e “While the digits (3, 6) in. "3/6" are different then the digits (1, 2) in

-4
N ".1/2 the valJés of the two 3/6 and 1/2 are equal A propOrtion 1s usualty “ﬁ
t wnitten 1n ‘the form a/b - c/d or a b - cad (Wthh 15 read as a 1s to’ b as T .i”a&:

In solving aqproportion the ba51c rule to remember is that any T ia_-:;;

-, e e LA
LRI, L

. operation using any value' may’ be performed as long as the same Operation and éﬁ.

- S

‘:‘valué is used on both 51des of the.equal sign {1ih';4ilj5:‘,‘"";' ;if .*flléjf evy‘;;?{i

}}".‘ g 0nce aga in in sovl'vmg an eqUat1 on" dny operétion using any value" ﬁl “““” .
-f7lg;j;be performed as long as. the same qperatidn and, value is used on botﬁ 51des ofi. 3ﬂ' fl;:nf
athe equa] Sign - . ;.; __ ;‘;__ AR ‘:._&»’..‘._ f - ’ L ;A ~n‘
' | Nhat do we mhan by oPeraW"? Th‘-‘ °P“-"”‘5"”°'"s that "'a.Y be used are,” J B

KX . e , : s ,,.»4,
KR S A 95 -
AT T e ' 96
E > s R N te . . . v
. - FEPE “ . . N . ,'r
Dot . - . R
. P A )

. e . .
P G '
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)‘ ‘ b - ’ [N - . . - . /
o © . Addition - - .+ . -

Subtraction S
Mu1tip1ication' X
- ‘Division - s

~ What. do we mean by va1ues? Any number has a va1ue 1/2 5 7,3, 6, °

. etc. These numbers each have a sense of worth The amount of worth of these

o

numbers are expressed through re1at1ons of . comparing numbers ta each other'

'*What is one? One is one more than zero. This was prev1ous1y d1scussed 1n the
section on numerat1on. ' S . e
- ™~
Numbers are not the on1y values. Actua11y numbers have 11tt1e va]ue

' ,unt11 ape)4ed to someth1ng When we speak of numbers we usua11y do so in terms

~of someth1ng, such as w1th money - we say-wd‘have 10 do11ars or 10 cents, in terms

S of we1ght 1000 1bs. of s1udge, or in terms of volume, 20 ,000 gaTdns of water
- Example 33 - L Y o
- Division ”// |
1x8=4xA """ Tosolve this proportion we use division.. Both °

sides of the equal sign are divided by 4. This
leaves or gets the unknown variable A alone by
dtseltf, so we can solve for it. .

1 x_8,

=4xA (
i 3 4xA
) —axa -‘" .
- . 2=1xy
) 2 s .Av',_/ s 7 L . .'
. / /’/ L :
SRR




.\ Problem 31 L T 'f-.-_-J " ‘

O ' ‘\ Two rectangu'lar‘ clarifiers have. equa'l surface area. The first clarifier®

L s 10 ft. w1de by 20 ft. 'long or 10 ft. X 20 ft The se_cond ,cTaHfie‘r is 25 ft.
o . ' ._‘L" a .

% 'long. How w1 de 1s the second c'lar1f1er‘?

H1nt Set up a proport1on T

Examg'le 34 oy
’ Multiplication  |

A =, 14 R ' | -To solve this equation we use mu'lt1p'Hcat1on
,3 "2T Tl Multiplying both sides of the: equal sign: by

L . 3 will get rid of the 3 in the denominator
s T o ;,- L and get "A" alone So we can solve for it.

'
—_—T . ) ! U S - . :
- e, e LT .
. T e L . f . a
DL o e / 14 he < . . . . ’, -
. ;, . B B - . .

. L o - - ) B T : ) . . .- <

o, . N ‘ . . . . . St .

J:i»

'2'1?

K

A 4,-. ', e ‘-éThWe 3xA can'ce'ls fo-.A‘

A 3 X*e x 31 o ST I e . .
L e o » ) . ) D o . ’ *| . L
S e . ‘94 . . v s . L . (\ <

L _A=w3.'x-%'f1‘- . '

"lIJ. ' ‘,' . L2 o ‘- L ) ' ¢ - 3 ’

LA

N
>

' »Reduced the answer becomes ~

i~

>
un
. b
Wi, o
/

In mu'ltip'hcatmn you shou'ld remember that mu'ltip'lying any number by '

| does not/ change that nun‘ber s va'lue ‘ B SR y

/-

_ Example_34.5 I .
) o/ 3x1=3 | 3x 33 3x100/10 =3 3 x15/15 -
o= Sl ox1=0 0 0 x 1/1 0x10/10=0 - .0 x 100/10o = o

-4/ 4 T U7 A 98

"o
. o. .w




Another way to so1ve this type of prob1em (Examp]e 34) is to cross

t

mu1t1p1y and divide.

i Examp]e 34. 75 »

To solve the proport1on a/b = c/d, we mu1tip1y d1agona11y across

v

4 S . . . . i
’ o -~ a _ ¢ ) - S
. B = a' : » L
¢ .

o o e
Therefore, axd=bxc This procedure is sometimes called cross

mu1t1p11cat1on ‘ A |
_ : ThIS -can be proved by subst1tut1ng numbers for these 1etters a/b c/d
N and soIv1ng for a. (Examp]e 34 75) s IR
TN . v. \)a _ .1 . . . : s , ) . ..\
y %3-ﬁ;e7 - First crose muftip?yvd1agona11y
. qa'xié'— 6x .1 S RS To Qet,this: —
o cax2=.6 ‘ Now divide .both sides by 2, .
R A S ' ' ‘ :
w4 hax2. .6
“ ‘. v 2- 7 ) * ®
i. & : - ,06 ‘ ‘.-v'w“\-{' i
a=.3 ? To get the answer
Prob]em 32 .

You are renovat1ng the p1umbing of your water treatment p1ant and

) need 500 ft. of tubing 1If 1 foot of p1pe cost 24 cents, how much wou]d 500 feet

*of pipe cost? - \\\\\\-‘ S e

. Example 35 | ’.. RS
o  Addi £4on |




) ¢

. Example 36

A-40=281-1 Here we want-to add 40. J
- A- 40+ 40 = 281 - 1+ 40. C .

A=281-1+40 . | . Byadding 40, A is left by itself on

o - . one“side of the equation. -
| jA=280 + 40 |
A=30
Problem 33
Solve th]S proportlon

A-75-34o-115. - -
) . |

 Subtraction
A+ 40 = 280+0 ' ‘ﬁHerﬁ e wish to subtract 40.
A+ 40 _;40 - 280 . 40'+’01 . ) ' :
A= 280 - 40 + 0.

A= 240.+_0

A=:240 o o oy

Prob]em 34

So]ve th1s proport1on

CA+S0 =80 +20 . - | S

A

fg

When one comp]ete ratio is known and one term-of the second ratio is 1,

known, the pnonggtion re]at1onsh1p ind1cates wnat the unknown number should be

_ w' .



As d1scussed’ prev1ous1y, if one number from the previous example was + .

’ m1ss1ng, the number cou]d be found by cross mu1t1p1y1ng

" Example 37
. ‘-§_=-1 ' g%t .
v 6772 -
- Mx2=6x1 |
73 ax2.6x1 ' Divide both sides of equation by 2
. > = . = ivide both sides of equation by 2.
=b6x1 —
3 2 . [ vl
2 A
/Q few more example problems should better indicate how to-dea] with =
- “ratios and proportions. - o | i - | RS
~ Example 38 ! "
| | Certain'bo1ts cost'90 cents a ddzen' How much!wou]d 3 bo]ts cost?
‘) L4

In sett1ng up th1s propn,rtmn we wou]d say: 12 bolts cost 90 cents, -

_ 3 bo]ts cost X cents Therefore, the prOport1on is wr1tten ei ther as 12/3 = 90/x -

| ﬂor 12/90 = 3/x.

D1
olr\:
xlw

'-f12 _; 90 x 3

_zz-... ) o .

T

_22 172 dr 23¢_-(-to.—’the Jnearest'penny)

. . .
.‘ s . - d '
. . . N . . "
! .« - . . . . N . . .
. - . . . . - . . . .
. . - . . - . : . . . . -
. v . - . - . - . . 0 ) - 1 E
- v - . . . . . . . . Y
O . - / - : . . } - : LN
. -/ ‘o . R . ~ . . . -
.. s R < . R . . . . .
< . - B . o N . o .
. .- A . ¢ N . - . L
. . e
A Fuiext provid ic ¢ ° -




. ’

oo f

A

~Example 39
If 3 1bs of salt are added to 10 ga11ons of water to make a
so1ution of a given strength how many pounds would be added to 129 gallons

[S

to. make a so1ut1on of “the same concentration? _ o
 31bs. - x ' A | R S
- 10 gal.’ 129 gal. A ‘ 'bkfvcg
x (10 gal.) = 3 1bs. (129 gal.) SRR

« =3 Ibs. (129 g47.) : o o s
- 10 g¢47. o o : e
= 387 -lbs.

b -

) = 38.7 1bs. | A
Note: Gallons in the numerator and ga11ons in the denom1nator can% ‘}’;

.be canceled W1thout chang1ng the value of the so1ut1on . f'" .g“;;

Although’ proport1ons are usually not dt¥f1cu1t to so1ve, some care

_ must be taken when us1ng them. Some varying quantit1es are 1nverse1y propdﬁtiona] v

to each other. Their products, rather than their rat1os are constant Iﬁfs Can .

be easily exp1ained by an examp]e - '

IR 20S S

Examg]e 0 |
L L If 3 men .can do a certain JOb in 10 h0urs how 1ong wou]d it take

5 men to do the same Job?

: '_Q Th1s prob]em is inversely proport1ona1 If‘this fact were not noticed, "du '\
d{ many wou]d so1ve it by direct proport1on ‘: | ,;. s% oo e
C . 3'men_ _ 5 men o . - B S
L 10 ﬁours x rs. ‘ e
o uj ggg x 10 hrs. . ,
L i . 50 hrs L A:'J | é%?
) £5 TP RS | ,‘ .
L e 16,373 hes. (rg ), S PPN -
SRR -45? re. na’ 1m}02'_ P

e e



o . N : ‘
. . ‘ . . . ~
P ’ : ) ‘

The so1ut1on is wrong since 1ncreas1ng_the manpower should decrease

the t1me required( to do the job. The problem is therefore inversely proport1ona1
and the products of the varying quantit1es shou1d be equated |
| 3 med”x 10 ho;lrs = 5 men (x hrs. ) : _ .- - \

- ¥ {ﬁt ‘Ts 1mportant for the operator to rqi{nber that gas p‘ressure-vo1ume
4L ~‘ .. - ) 1‘ N
: prob ﬂaafso 1nverse1y proport1ona1 The higher the pressure,:-the smaller
theyvo'luhe \of gas P - o :
L Examgle 41 . '// v .
FESTERE : - e :
Y -, .7 A ve;el/contams 100 cub1c feet of gas at 5 1bs. per square 1nch
pressure ‘hat is the. pressure if the volume 1s reduced to 40 cub1c feet’ .
L / o /100 cu. ft. x 5-psi .= 40 cu. ft. (x psi) ' : |
[N . o .
Ve, 100 ¢, It x 5 psi . L ro
. ?‘ N7 R T DR
v &) - 2-500 psi . e
U N 40 - S ’
I, =r5psi o |
' ' - ‘Note: In this prob]em the temperature Was as&uned to remam the same
Co If you had troub]e w1th the pract1ce prob]ems in this umt, go back and
try them aga1n RS o : _' i | :
* - . .
] ) . .‘ . g -
o .
Coo02 103
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. 1) The preferred amount of .
fluoridation in public or
. private water supplies
— should be about .8 parts
. per million. How much
- more than the preferred
amount would a. 1.7 ppm be?

2) Mu1g}p1y
© 7.25 x 6.743

.

SECTION II1 SR :
- POST-TEST |
"
6) Find 42% of 95. :
) .“, : . .
\ ' h !
7) What is the weight of dry solids
in. 1000 1bs. of wastewater sludge
containing 10% solids and 90%
water? _
o
\
[

3) In a city of 36,500

~ population the raw
sewage sludge ampunts -
to 14.6 tons pef day.
How -much per person
per day does this
represept? L

C 4 A o

3.7 g
2.4 .
1874

- 4201.7560 -

- . Lot

 @§ i

| ', f_5) Convert the following.

fraction to a decimal.

64..

A

8 - 10) Solve these proportions

©8)120 x A = 60 x 40

F

9)Ax15=20x 30

_10) In a water laboratory facility

003 ounces of chlorine is added
i, to 1 gallon of water. How many
-} ounces should be -added to.

:{ 1,000,000 gallons? '

‘
'Y



- - SECTION .IIT-

POST-TEST KEY ~ ~ ' & '

\

[y
.

.9 ppm
48.88675
2,500
226.6520 o | - ,
064 . P e |
3.9 o
100 1bs. of solids
.20
40

:.om.\gmm'.b.wm

o
- O

3,000 ounces : Y
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‘ SECTION INSTRUCTIONAL PACKAGE GUIDELINE . ‘ .

SUBJECT MATTER:_ Basic Matnematics”?or Water and Wastewater Operators .

UNIT OF INSTRUCTION: Square and square roots; exponents; scientific notation

LESSON NUMBER: Section 4 '

“ESTIMATED TIME: 3% hours.

JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE: A knowledge of square and
square rdots, exponents, and scientific notation is important for water and
wastewater plant operation. .

PREREQUISITES: The learner shall have successfully oompleted&sections 1- 3.
INSTRUCTIONAL OBJECTIVES: : |

‘Terminal Performance Behavior - The learner shall successfully complete this

- mathematics section.. Successful .completion of this section shall be
demons trated when the learner through pre-test or post-test written examination
has met the specified cr1ter1on level based on the behaviora] objectives of
this sect1on L

3

' Behav1oral Opgect1ves - At the complet1on of this sect1on the learner will.

be"abTe to: E . IR . ‘

Express whole numbers or dec1mals in sc1ent1f1c notation

Perform in wr1t1ng the following mathematical operations on the follow1ng

- types of numbers: . .
’Squar1ng with respect.to_yhole numbers
, Obtaining square roots with respect to whole numpers _' ’
S1mpl1f1cat1on and reduction of exponents‘W1th respect to whole numbers | :
' Mu1t1p11cat1on of exponents with respect to whole numbers | “
6D1v1s1on of exponents with respect to whole numpers
Cond1t1ons - None IR .\ |

Cr1terion - Level of Aco;ptab]e Performance - M1n1mum passing score is 90%
on etlther the pre -test or post- -test. - :

: v

- INSTRUCTIONAL APPROACH: . Individual lesson utilizing self-paced study of written -

material. '
. @

* INSTRUCTIONAL RESOURCES

106 | o
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- Availab]e‘Supplemental Material : BN

Eittinger._Mé%vin. L. and Keedy, Mervin, L. Arithmetic A Modern Approach.

Reading, Massachusetts: Addison-Wes ley Publisﬁing_Company. 1971, PP. 363-374.

Gives extra practice problems for squares and square roots, -
. i e

Dféss]er. Isadore. Preliminary Mathematicsl:’yew York:  Amsco Schoblqublicétiohs,
Inc., 1965.+ PP, 343-349 o = ' ‘ S '
Gives a short account qf scientific notation, -

.
&

Heywood, Arthur, H. A First Pro ram in Mathématics; Encinb;'Califorhia and .
Belmont, California:™ Dickenson PubTishi Company, Inc., 1972. _PP. 87-109.

: Short lesson on how to calculate exponents.

Sparks. Fred, W. A Survey of Basic Mathematics. 'Phi1ade]phia: W. 'B. .Saunders #
Lompany, 1975, PP 73-29. . - . C -
Discusses various methods of obtaining square roots.

Thompson, J. E. Arithét1cifor the Practical Man. New York: Van Nostrand . .
.Reinhold Company , . . 94-64, . - _ N
Briefly explains squares and square roots. " | E V. T

SUggested“Supplemental'Materialf "‘f’

. Mira, Julio,” A. Arithmeti Clear and Sim le. New York: .Barpes and Nobles, Inc.,
1965, PP, 185-225. ., e o |

' Explains a speed system for squares ahdisquare yoofs: 7;

I
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T - v‘.?‘ '... ', a ::‘- .G‘-
| R Y
} | COSECTIONTY - L . _ o
e S RETEST . Y
> . 1) Find ~tn,esqgere of 25, = . ’7 - 8) Di V1de these exponents
* . P b s . : ‘ ) . .' ’ - 7) 43
2) Find the square root of .
1521, b
o ) 53 |
2*
3 - 4) S1mphfy the exponent \
96 | -

9) The daily water intake for your ‘
water treatment plant is 6 MGD ‘
or 6,000,000 gallons per day.

Express th1s number in sc1ent1f1c
notation. ,
' .
4) 26
—
‘ ' 105 A new chemical is determined to be .
: effective in testing wastewater
5 - 6) Mu1t1p1y these exponents. R when~.used in a dosage of T%m-ﬁ. -
- 2 . 43 | ~ -
',..5) 10° x 7 "How many ppm or parts per
- million is this? ‘
&,*:
6) 42 x 3* .
109

108
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SECTION Iv.

PRETEST KEY

109

116
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i/SECTION v e
witr SQUARE D squARE ROOTS

Squar1ng a nurrber s1mp1_y means mu1t1p1_y1ng a number b_y 1tse1f

' For 1nstance, in squaring two we obta1n four (2 Xs2 = 4).' In squarmg three,
the answer 1s n1ne A short way of wr1t1ng 2 x 2 1s by us1ng the exponent 2.

- in the foHowmg manner, 22 Thus, if we were trymg to 1nd1cate the squar1ng

j .of. numbers we wou]d wr1 te:-

oL 12 =1 | s o : |
22 iy ‘ »' o T - - :
. ‘32- s S A e ' ,. : : . o
L 8216
R 52 = 25, *and so on - |
A reverse of th1s process. is to take a nunber that has been squared o
and fmd the riumber which was multiplied b_y 1tse1f to form the square " This : ‘

process is called f1nd1ng the square root. The s19n T indicates square
root The square root of 4.is wri tten, /&, and the answer is 2 -The

. reverse of the previous co1umn wou1d then be

T - ;’

rE =2

/9 =3

ST = \

i /725 =5, and so on

A difficulty arises when the square root, of a number’ does not result
in a whole number. Such is the. case sfor /20 . Since the /16 is 4, and the
/75 is 5, the answer is between 4 and 5. Two solutions are aVai]ah]e_ to- the

operator who does not possess a ca]cu]ating;machine,-'s]ide rule, table of.square .

b

110 .1,111




" here because 1t 1s a methou wh1ch‘w111 enab]e the so1ut1on of square root

S

Y . . o‘

.
.

"roots,'or a 1o§arithm table. One method 1s an exact method wh1ch is s1m11ar

to a 1ong d1v1sion prob]em. For this method the operator must refer to- a

mathemat1ca1 text“pok Qu1te frank]y, this method 1s cumbersome and difffEu}{".

" 'to remember if you do not work with it frequent]y.

fhe other method is a tria] and erroremethod . Th1s nethod 15 shown

R

prob]ems u51ng on1y the know]edge of mu1t1p1ic3t1°n | | i? '
o - - . . L'Jf . Fa . . ;
. Lo . 0 . ? ‘ \
. Example1 D |
o ~_Find the’square root ofﬂzp‘ o 1 L B | o

h'simp1y guess a number and square it.

T " .As previously discussed, the answer is between 4 -and 5. 'Therefore;

Assume 4.3: - ‘ _
43x4.3=1849 - . a3 /
3 - o 4.3 /f | *
129 &
72 :

-

NeXt‘assume 4.4: I S
4.4.x8.4=19.% ’ |
Since (4. 4)2 is c1ose to 20 next try 4,44 (these numbers are prcked
because they are qu1ck1y mu1t1p11ed) '

4. 44 x 4. 44 19.7136

-Next assume 4.46: B | o

4.96 x0.46 =49.8916 . -

Next}assume 4.47:
74,47 x 4.47 = 19.9809

For most purposes, 4.47 would be sufficiently close to use as the

answer.. B L R

AL B P

gt:«él’



) & : : :
For most numbefs the trial and error solution takes more time than |
..the;exacf sp]utioh;§,lt§ advantage is that it'réqﬁirés,no memorized steps for" |
rsolution,,except muitip]ication. | , |
Problems 1-2 ) -
o T o , -
1) Find the square of 7 (72) . . . . |
,2) Find the square of 12.5 (12.5)
. v - - ) . o
Problems 3-4 ‘.'n e | - - D 5"'  ‘»
3) Find the square root of 100 (/T T
| \ '
N 4)‘?ind the squafe root of 100,000 ( /100,000 ) ~ . o : o ’_
AN
- Problem 5 -
| §) Find_ the square root of /5?-+_627-
 Hint: First perfofm,a11 oberations in square~root sign. In other .
words first square the 5 and square the 6, then add those 2 answers together.
g - o .ot
Now take the square root of all of that. £
ne 113
'?:' »
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SECTION IV _ ) " o - )

s * \ e L - . ) ' . . o .
'4; ‘ UMLT’II' U o ‘EXPONENTS R T 1
o S . o ‘ | ’. - }” . I h. . » s s S . . .

In the prekus un1t we 1eamed that squar1ng a nunber was muitipl 1ng

N _ that nunber by 1tse1f Thus to square the number 10 wou]d be to mu1t1p1y 10 X 10

or 102 When th1s nunber (10) is" squared severa1 times. 1t may. Be represented
</

; i !
by exponents (a smaH subscript after .the nunber mu1t1 phed) Thus an exponent
. S1mp1y teHs us how many t‘imes a nunber is. be1ng mh1t1phed by 1tse1f ” ,
S : LR teHs us that: we are mu1t1p1y1ng 10“ by 1tse1f orie t1me. o
] ; . \ - . .".. . ‘ [ ] e . . . o

Examp1e 3 ", »,. - , 2 : . :
' ' 8t2 te]]s us that we are mu1t1p1y1ng 8 byggtsew two t1mes. ‘.3 o o
. L

.”nq~ ﬁ*.¥-%x8-M y L ..f-f* BN

L)

R 73 telis o mawewemnmwmg7w13ﬂfmmeﬁm& S
735 = 34'3‘ | S ' P i
'E'xg’mgle 5 S .
y 34 teHs us that we are mu1t1p1y1ng 3 by 1tse1f four t1mes.
'ﬁ-3x3x‘ 3 = 81 PO
‘- » . ‘ i i - ""
. Example 6 -

25 teHs us that we are mu1t1p1y1ng 2 by itse]f five times.
25'- 2x2x2x2x2-= n‘”ha.' | \
‘ ‘Thus when a nunber is mu1t1pHed by itse]f severa] times the group

' of mu1tiphed nunbers may be reprgsented by an exponentia1 nunber.,»

\\\ “- 13 »-_.._.
R I TR
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et

~ ’

n o A ru'le to rg.membﬂ' hbout using exponents is tha ny nunber wi th an > : »B
. _ exponent of 0 is equa] to A, oo \ -;.)"_'."' . o L
Ex_amg1e7 R | |

Examg]e 9 ' i | o SR ) 1 e
1'f . !' 1000 =1 34“‘:fif.5 o _?li, i‘f,,'f' ,;.:n;:'v_ .:h~.l SRR
/ e ) .';: .. .l’}" ‘ ",. s”‘l ,. , . A |.l..., ; -, “ ‘. I'. - : 5
S \Egémgle 10 .7 e T R
N R i S S SR P
S S 275° B T S S S U S L TR

]

- problems 6 = 10. Simnlffjfthese;exbonentﬁfby.mu]tipjging them out.

5) 250 ng. ‘,. ; 37;_. v i > | ";427:j- fx[)%pi, : ‘f; ;. ;ffi_ o ;

- -
e .




Prob]ems ,11 15 T IS
11) 74 5 .. . - ‘_:n: . - .,' ‘. o ._' o . . ‘ | v ,' ‘. }. “ | .

' ‘\
. :
- & » g
y v .
4 ~ ‘.
| B3 N ’ L e . . -

:1;9:{; Mu]ttpqying S1mi1ar Numbers Having Exponents

'{?Q o 3: when mu1t1pﬂy1ng two '0r more exponents of the sane number. —_—

;}tf] 1) Add\the exponents B .
Y . 2) Write the number with“the resu1t1ng exponent of Step 1 add1ng of the exponents

Y

Lo

a

" | . The exponents 2 and 3 are added to

"get 5. 'Number 4 is written using
. ﬁ as the exponent. '

G . BT
- -, . N X - .
Lo bo.oul ,-.4 . . V:_'AA w - ] .




Ekemgle' 12 o o G

. Prob]ems 16 - 20 'Simplify these'expon té'byﬂmultip1ying'them out. - %

The exponents 4 and'5 are added to
- get 9. Number .8 is wr1tten using
9 as the exponent.

o
©

~
16) 102 X 105

1882 x 82 ‘
- ’",,\ \ ,
15) 23 x 26 |
e N
20) 42 x 43 .
el :

. D1v1d1ng S1m11ar Numbers Having Exponents SO .;j?@.
4 ,
Nhen d1viding S1m11ar numbers hav1ng exponents

1) Mu1t1p1y the numerator and denominator out.

2) Reduce}by_cance11ng_out similar numbers;

16 117




103
mz EEE |
103 _ 10. x 1o x10 S {1082 10 x 10 x 10)

~1o? 0 . )

ibixAIO)

7 10x10x10., 10x10x10 (102
S 10.: R W X _ :

19 x xlld R .; " _The similayEens are canceled out

10 o SR "Lea,ving]ig_ or 10 as the answer |

, Prob]ems 21 - 22 Simp]ify‘and.reduce7tneSe'exponents.

21) 74 N .

Mu1t1p1yjng or Dﬁvid1ng D1fferent Numbers Having Exponents

l. when mu1t1p1y1ng or d1v1d1ng different numbers having exponents.

1) Multiply out the exponents. o

j:2) Carry out the mu1t1p11cat1on or QLv1s1on of the resu1t1ng new numbers.

"Exa@21e 14 _'

Multiply thefexbonents

- '-.,_‘a'



22 x 33 L E S FirSt mu1tfp1y out the gfp&hents}' -
2x2x3 _ 2x2) | o R
2x2x3x3x3  (¥e3x3xd
,4x27'.;  - (2x2=4md3x3x3%2h  X°

108 : o (4 x27=108) o '.“L'.\l

n

1)

Example 15 | L ' e . Vo
— - , . , - . v
5 x5 x 5x 25>

B (53 =5 x5 5)
5 Xx5xXx5x2 X x2x2X2 (28

W5 x2x2x2x2x2 (5x5x5=128) - . \

2x2x2x2x2)

Swsx3 . 2x2x2x2x2=3)
4000 - (125x 32 <4000) -

" Problems 23 - 24. Multiply the exponents - i
23) 43 x 22 e

24) 82 x 43

CExample 16 S .
| vaide the e’-}tpqné‘nts . L " . .
. S ‘First muTtiply out _the‘expdnéht o

LY

(8 =8 x 8=64)

-~ .

(23

2x2x2=8)

Qiﬂgrmgjﬁ%

R o 64119  ' [ o
ERIC .o g ' o | , S
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Example 17

~ 104
.52
10,000
- . »52. _
10,000
25 -
400
Problems 25 - 26.
- 2%5) 54
33
26) 63

L

(10 = 10 x 10 x 10 x 10

2 (10% = 10 x 10 x 10 x 10

' | "ksz =5 x5 = 25)
' .102000°
!

1mw¢tmémmﬁg

»

&, ' - . 120 '

- 119

0

10,000)

10,000)

v}



“SECTION IV _ )
It g S SCIENTIFIC NOTATIION

i
i
"s

In the water and wastewater f1e1d very 1arge and very small numbers
‘ .are both encountered da11y For examp]e some 1arger water and wastewater {

treatment plants have da11y water intakes of over 10 000 000 gallons. At the
~ same time chemical ‘treatment dosages are cons1dered 1n parts per m1111on or

parts t1mes .000001. Mu1t1p1y1ng, 1v1d1ng, add1ng, or subtract1ng such large
and sma]l numbers can be awkward, time consum1ng, and often\a cause. for error,
: such as misplacing the dec1ma1 point. On the other hand us1ng scientific
‘,notation'inlplace of.these 1arge‘and small numbers‘is-both qdiék and accurate,
” 3 In sc1ent1f1c notation all numbers are and can be eipressed as an

exponent of ten mu1t1p11ed by another number between and 1nc1ud1ng 1 and 10

Hhat is an exponept of ten’ An exponent of ten is the number ten mu1t1p11ed

by 1tse1f a spec1f1ed amount of t1mes Thus 1n the f1gure 10°', the f1rst

_number 10 is the number mu1t1p11ed while the second number (1) (the exponent?
tells how many times ten ‘is to be mu1t1p11ed by itself. S1m11ar1y 102 tells us :'
,that 10 is the number to be. mu1t1p11ed by itself, wh11e (2) (the exponent) tells

us how ma_yAt1mes ten 1s to be mu1t1p11ed by 1tse1f >

Why are all the numbers expressed as an exponent ‘of .10 1n sc1ent1f1c _ é

B notat1on? Why not 9 or 8?

What makes 10 so special? Ten is special-because'it is.the,basic'

“"group of numbers used in our number system. ~That is. itis a basic:gr6Up of-

'vrepeating numbers.v The numbers 10, 20, 30 40, 50 100 are al] repeat ng
numbers or mu1t1p1es of ten (10 X another number) Why then is ten ouy baS1c

group of numbers? Probab]y because we have 10 flngers!
: ents of ten) and what they .

Now fam111ar1ze yourse]f with the Gex

*I‘th-




, ?i ¥ . S | S .
BRI - TABLE 5 o,
L i L b,
1052 10 10 x 10 x 10 X 10 x 10 = 1,000,000 FE S
S 105' 10 x 10 x 10 x‘10 x 10 = 100 ,000 o g‘ ,@q
104 = i0 x 10 x 10 x 10 = 000 o S
C103=10 X510 x 10 = 1,000 i D
v 10 x10 = 100 - | ' .
wl=g0=0 o T T |
K h109.= 1; d: o '; t 5: .j#;ll’;
1€y TR
. o . - S ' o
02=1 .1 1 - 01 o ;
o 1027 T0x10 7700 . o
SR 10-3 =1 1 1A 2001 - Lt
o © 10 109710 x 10 x 107 Toog o
'10-4 =1 -1 - 21 S oD = 0001 _
| \ Io4 T x 1ox 10 x- 10 ~ 10,000 L | '
T'Hou to Expréss Numbers 1n‘Scientific Notation - | , ‘
_ - . When express1ng a number in scient1f1c notation N _
'hl) Place the dec1ma1 point so that there is. only one digit to:the.left of'the
. decima] point S - ‘. ~ BUER - ‘! | ‘
‘3;2) Count how many Spaces to the 1eft or r1ght you have to go compared to the“"
orig1na] number, Go1ng to the left makes the number,pos1t1ve Sﬁd to.the |
r1ght neglt1ve | C . ‘
3) Take the number of spaces you have counted and use it as an exponent of 10;
4) Multiply the number obta1ned 1n the f1rst step by. the exponent of 10 o
,Example 18 . .'.._ R X o o ;.f“
o _‘Express 846 in scientific notatjon : ' - | \. | 3
i Eirst p]ace the decimal point so that there is, on]y one digit to ,
'.the left of the decimal po1nt _ ]2; ' |
B.46 o o . 122, S L



. > v ’ " , .
’f - Second, count how many spaces to the left or right you have to go compared” -
- . -to 846. In thisfpnoblem we go 2 spaces. Since it is also to the left we make it

a pos1t1ve 2 (+ 2)

Th1rd1y, we take this pOS1t1ve 2 (+ 2) and make it an.exponent of 10 (102)
; F1na11y, we mu1t1p1y the number obtained in the f1rst step where we |
moved the decimal po1nt to the left (8. 46), and multip]y by the exponent number 102

S0 8.46 x 102 is the answer-. | . o o

3 xamp]e 19
o Express 15, 500 in sc1ent1f1c notation.
L 1) 1.55 |
2) +4
3 104 S |
Comsxwt R -

"Examgle 20 . : . A ; . .‘7'l ., -

. Expréss 180,000 1 scieﬁti‘fic notation: S .

. 1) 18 o o

' ‘2) °+5 -
3) 105

B3

“8) 1.8 x 105 N | B

A

Fxémple,Zli,1 | |
| Express .00057 in scientific notation.
e e . . | e
.1).5.57 o
- 2) -8 - , ' - (Notice here we use a"neﬁat1ve'number to
IR _ I ' , indicate that we are moving 4 spaces
R T . - to the. r"lght ) S .

o

. e

-4 o T ”
RO PR 7. 5

._4) 5 57 X 10'4 o : 122




» l | R

Two rules to remember on sc1ent1 fic notat1on are;

1) when counting spaces or go1ng to the right, always make the exponent negat1 ve (- )

*2) Any number with an exponent. of (o) is equal to I 100 =1
Prob lems 27 - Sé - I j@ ’
Express the fol]owing numbers in scientiﬁc notat1on.<
27) 1005
'-. 29) 1,800,000 oL e
o, 30) .01 R
31) .00574
32) 25
. w’.

| 33) .0001075 |
' | ’ . ,.’._- . . . . : 1 24 )

123




34) 68,000
%) 10,000,000 . . 4

36) 5,500

14

125




‘ . SECTION Iv
» © POST-TEST _
1) Fin'd.'the Squaf'e of 13. 7 - 8) Divide fhese exponents.
. " . . - 7)53 . , ] .
) o 52. R

'2) Find the square xroot of 196,

3-4) .Simpl‘ify. the exponent,:_

3) 54,
‘ : : S ‘ 9) A water storage tank has a water .
' o e : storage capacity of 100,000 -
'Y - gallons. Express this number
' v ' .~ 1in scientific notation. '
4) 83

o 5\. 64)' Mu]t_iply th/ese exponents.

5) 52 x 33 © . 100 Aflouof 2 x 105 gallons jer day
“« o .7 ' . flows through a 30 inch pipe. . -
' . How many gallons per day is this?
L 126

125




'SECTION IV L -
" POST-TEST KEY \

| - . . . : ‘
1) 169 S . T K
2) 14 | '
. 3) 625
4) 512
5) 675
 6) 4,500
7)) 5 .
.- \
8) 40
9) 1x10°
~10) 2,000,000 GPD -

126




UNIT I

UNIT IT

o
-]
i

4

SECTION V .

BASIC ALGEBRA |

Solving for. the Unknown

Problem Solving

" FORMULAS

o B



, : W -
SECTION INSTRUCTIONAL PACKAGE GUIDELINE

"_SUBJECT MATTER- Bas1c Mathematlcs for Nater and Nastewater Operators - .
'UNIT OF INSTRUCTION Basic algebra, formulas ' :{
LESSON NUMBER: ‘sections .

-

' ESTIMATED TIME: 7 hours

. JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE' A knowledge of basic algebra
_\ and formulas is important for water and wastewater plant operat1on

v PREREQUISITES The learner shall have successfully'completed sections 1 - 4 %
' — . , - i : .

INSTRUCTIONAL OBJECTIVES: - A

- Terminal Performance Behav1or - The learner shall successfully complete this
mathematics section. ~Successful completion of -this section shall be
demonstrated when the Tearner through pre-test or.post-test written examination
hﬁs met the specified: criterion level based on the behavioral object1ves of

- this sect1on S

‘Behavioral ObJect1ves - At the completion of this sect1on the learner will be"
able to: .

Solve for one unknown us1ng the basic algebraic operat1ons of add1t1on,
subtract1on mult1pl1cat1on and division.

.Solve story problems in basic algebra us1ng the six rules for problem
- solving. .

"~ Solve for one.unkhown in a formula us1ng the four rules of solv1ng an
unknown in a formula ,

Conditions - None-

Criterion - Level of Accgptable Performance - Mlnimum passing score is 90% -

on either the pre-test or post-test. R .
INSTRUCTIONAL APPROACH Individual Tesson utilizing;self-paced study zf wSTtten

-'mater1al ' S S T ~
INSTRUCTIONAL RESOURCES =~ - oy |

tAvailable Supplemental Mater1£l ' 'h_~ o /:? -

IDressler, Isadore. Prelim1narx_Mathematics New York ‘Ams co School Publ1cat1ons,

Inc., 1965, PP, 183-185.
Explains how symbols ‘are used”to. represent numbers and operat1ons.

‘-Hill T. H, Ward, Mathematics for the Layman. New York: Philosoph1cal L1brary,,. ‘

1958 PP. 204-219
Explains hhw to work -a formula and the symbols used in algebra
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‘Dressler, Isadore. Preliminary Mathematics. New York: Amsco School Publications;,
Inc., 1965. PP, 183-233. . e _ L

Gives a. thorough explanation of algebrarand solving for equatidhs, along with a
large selection of practice problems. & . 7 L -
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" SECTION V*
«  PRE-TEST

2\

Problems 1 - 6 So] ve for the unknown.

1) x + 15 = 27

'2) x- 101 = 25

3) P x40=200

= X

5) 50 + (20 = 4
ey

B

131
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A

;o , \ v
A oo
7) 2,000 1bsJ of solids enter a digester daily. 80% are volatile solids and

20% are f/ﬁed solids. - What is the weight of volatile solids and fixed solids
fthe digester per day? -

+

e

8)“The.dai1y average flow to a water treatmeh??bfént is 6 MGD. If the population
" of the district it serves is 100,000 what. is the GPD flow per capita?

. . -

" 9) In the formula A = W x L, find the value of A when W = Joand L= 25,

.10) In the formula V = L3, find the value of V when L = §

132
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. SECTION V
PRE-TEST KEY

1 soo Ibs. volatile solids, 400 Tbs. fixed solids
. 60 GPD per capita

250

10. 125

1. 12 ,
2. 126
3. 5 - }
4. .3
5. 5'
. 6. 2
.
.
9

182




SECTION I
| J— I © Y BASIC ALGEBRA

3 2 Soivino for the UnknOWn

Aigebra is the combining together of symbols or letters with numbers
in soiving equations In aigebra we soive for unknown quantities using equations.
';;The soiving of aigebraic probiems is based on the principies of ratio and
. ‘proportion /f' I
| /Therefore in solving for an unknown number, the same methods used in
ratio and praportion may be applied. . |
1) In soiving andeouation Aany operation using any vaiue may be perfonned as 1ong
. as the same operation and value is used 'on both sides of the equai sign _
_-2) %f? that operation and vaiue which will get the unknown variable you wish to®
soive for aione on one side of the equation. Ask the question what operation
' | | | | using what vaiue will get the unknown variabie alone by itseif‘?
In soiving for an unknown number the 0perati0ns used are:
1.. Addition A
¥2Q .Subtraotion'
| 3.

.

' ‘Muitip]ication
A.' Diuision _
W‘ ;As a rule of thumb in soiving for an algebraic equation, use that operation
g ﬂwhich is the opposite of the operation in the probiem " The opposite operations are:
" 1. For addition, use: subtraction ﬂ ' | o |
.For subtraotion,;use addition‘,a

For muitipiication,*uSe-divisionu

& W N

For division use multiplication

133 134 - - ')J
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Examgle (Addition) A ‘ o .
What numbe¥ is :dded to 20 to equal 50?7 This statement can be written as:
?2+20 = 50 o | ‘ Y
" In Albebra r ther than use the symbol ? the symbo] X, is used s0:
2 +20 = 50 Is changed to x +20=5
'Let us Took again at the prob]em K
x .20 =50
: Therefar&°-‘x'= 30 |
In this problem we wanted to get x alone on one side oﬁ the equation

S0 we subtracted 20 from each side.

x+zo=w - %
X+ 20 - 20 = 50 - 20

X =50 - 20

X = 30

Solve for the unknown in the following a]gebra problem (The letters

)

stand for the unknown variable)
Problems 17—'5 o L
1) x + 40 = 70

1 2) x+ 30+ 105+ 15 = 200 < -

ELETEN B
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“a

) A+ 41 = 47

5) x + 15.5 = 17.1

~ Example 2 (Subtraction

What number can 5 be subtracted from to get 25? This problem can
be'written x - 5 = 25° i ' o o

.T_he answer is 30 '

Let us look again at thig problem
X-5=25 . , : | [

~ Mhat do we'have to do to get the x alone by 1tself? Get rid of the
-5 on the left hand side of the equation. “This can handily be doné by adding
‘5 to both sides of the equation. * . |
 x+5-5=254+5 v
x=2545 |
x =30 I
Problems 6 - 10 | V PP

6) P - 5d'='?0

7).% - 101 = 60

8) x - 14.5= 15 PR 126



1.5

-9) R-5.

10) x-5=15 E
Example’3 Multiplication .
o What numbef 1s'mu1tip11ed by 5 to get 30§.;Tht§ statement can be

written, .‘ T |

. Xx5=30

The answer is-6
" Let us 1gok again at this prob]em.
T XX 5= 30 |

In this prdblem we wanted to get X a]one by itself on.one s1de of the

eque}ion so We divided both sides by 5.

X Xx5=230
XXE-EQ ‘ - ‘ S b
55 o =
X =30 '
-5
X=6 )
\L ’ s 5 - e *
. Probj-e'nﬁ 11 - 15
S 11) % x 10 =100 ‘
12) P x 35 = 140

~13) A'x-1,000 = 15,000 . . o _
. 136 .




\

» .

.- 14) X x 29 = 58 *
15) P x 7 = 126

Exam g]e Division )
QWhat number is divided by 7 to get: 8?7

] . x:7:=8
' The answer is 56.
: S ) . o ;o
s - - lLet us look again at this problem.
X+ 7= 8 _ -
' What do we have to do to get the X aione by itse]f? Get rid of the

7 on the left. hand side of the equation This can handily be done by multiplying
by 7 on both sides of the equation. |

o ” “~\
X f 7=28 : ‘
5 | ‘
‘; =8 '
‘ X X 7=8x17

\ 8 x7 -
| X = 56

Problems 16 - 20 X

16) x = 4 = 25




20) x:11=20 .

- the answer being right or wrong.

Y- .

- 18) M : 4 = 120

.19) X :3="17

p

Combination algebra problems - solving for an unknown

The following' algebra problems are a combination of addition,
multiplication, subtraction, and division. In solving these problems you may

wish to review Section I and the rules of the 4 basic operations In solving

:algebra problems which involve a combination of operations, the order in which-

you perform the operatiOn is very 1mportant It can mean the difference between

. . . - A
Example*S -
- X=10 -1
2F1 y

“In this problem we have 3 operations to perform, namely, subtraction,'

‘addition, and division. First remembering one rule of division-we know that in
a division problem, the operations above and below the division line myst be

. carried out first.

~

X=10-1 \ So starting with
R == o ng with,
X = 9 - (10 - 1) =19 Ne perfom . the subtﬂhction operation
2+1 o and get,
-~ 138 139
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n

9 | ‘ Then we perform the addition operation
3 (2+1) =3 " and get, .
X=3 ' | Then we finally divide and get,
Example 6 | _
5X4+4=yx

_ In this probiem we have mu]tiplication and addition. »From opr previous ~n
'sr"g | rules ‘we know that mﬁitiplication is. performed before addition So starting with
'9 < 5x 4 + 4 =x
we perfonn the multip]ication first,
20 x 4 Y (s x L) =
Then the addition
. 24 = x )
P , xampie? ‘ - ' | |
j§ x 7) I (16 : 2) ‘

N
In this problem we have all the operations addition, subtraction,
muitiplication and division. From our previous ruies we remember that all

operations in parentheses are performed before all other operations

4

So starting with our problem

{6 x7) + (16 = 2) = x
. 10 '

We perform the operatidns in the parentheses first

2+ (16:2)=x  (6x7) =42~
. 10 _ :
2+8=x (16:2) =
i . : Now from previous ruies we know that all other operations above and

below the division Tine are performed before dividing. '

139 | B \\_;)/
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- So §0 .=‘x,“" (42 + 8) =

Now we finally divide 50 = 5,
' 10 -

5=x

Prob]ems 21 - 30
Solve for the unknown in the followi ng a]gebra prob]ems

21)5x7+4-P

; \

22) 10 x 20 - 15 = . U e SR e R LD e TR

| -
23) 10 + 5 = '

7 .
24) 100 + 5 x 10 = x
| 20 =X
25) 15 x 7 =

105

26) 15 + 5 =
Z+38

140 141;
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28) 10+ 5-1 x6
7

29

29) 60 - 10

El{&l'ic‘.i‘

Aruitoxt provided by Eic:

D0

20) 3+ (52 2)

MRV
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SECTION V.

CowITI | 'BASIC ALGEBRA

Prob]em Solving -

Many times the operator is confronted with a prob]em or:situation

'_that involves straight fonward computation, and which the operator readi1y :

understands For 1nstance, if your p1ant has 100 feet of weir and then

"’ obtained another 100 feet of weir, and you were 'told to figure out the total

amount of weir that your plant now has, you add the two sets of we1r together

100 feet of weir + 100 feet of weir to obtain the new total amount of 200 feet .

of we1r. You could easily figure this out because it 1nv01ves simple additi

You could recognize the problem as addition, because you work with this type of :
a prob1em often*%nd are probably experienced at working it.

You are also used to the words stated in the’ probiem and what they
mean, However, these conditions are not always true.

That 1s what if you could not unders tand what the propiem\asked
How would youy recognize the Problem if you had no exper1ence working 1t?
If you couldn't recognize the problem and know what it asked, you probabiy

couldn't solve it However, let us now look at a sure. way to approach and

soive the mathematic story probiems you will deal w1th as .an operator,

A _Six Ru1es for Problem Soiying - _

1.A-Nrite'down the problem whether its a formula, equationvor word description.

2. ‘List a11 the information given in the prob]em. o . | | -

3. Set up the equation Draw a mat tical reiationship,between the desired
),

unknown - and the information given lacing the_desired unknoWn, variable

—— e
-

or letter on one side of the equatijon.

4. Plug in the values given for all the unknown variables.

142
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.. 6. - Check your answer.

Example 8 (using percentage)

volatile solids and fixed solids entering the digester per day? - ﬁ“?

.Rule 2~tnstra]] ‘the informat1on given in the prob]em _ i_ . ¢ fif

- equation.

5. Perform aTT needed o§erat1ons to so]ve the prob]em
. o
1

By following these six rules you will know both how to expres :1
§1 work

a]gebra prob]em mathematically and how to so]ve it. The problems we wis
‘J?’

with are a]gebra1c in nature; that is we will solve for an unknown quant1ty

'v
lf ",

,7

- 800 1bs. of total solids enter a digester daily. 60% of thesg §oo Tbs

" are volatile solids while 40% are fixed Solidsv what is the weight of the

vo]at11e 'solids and fixed solids entering the digester per day?
¥

Ru]e 1 State the Prob]em '«'

¢

800 ‘1bs. of total so]ids enter a digester dai]y 60% of these 800 1bs.

are volatile soT1ds wh11e 40% are fixed solids. - What is the we1ght o' the

}

800 Tbs of ‘total solids enter a digester dai]y 60% of t

R 20

e 800 1bs.

are vo]at11e solids while 403 of the 800 Ibs. are fixed so]1ds ‘ ;

i
y vg

Rule 3 Set up the equat1on Draw a mathematica] re]ationsh1p between the desired :

unknown and the information g ven, placing ;Bb.desired unknown on one s1gg,of the

Here we ask the question, "What do.we ‘want to know?"f We wish to

S

know the weight of the volatile so]ids and fixed solids. rFrom the inﬁonnat1on

given (Ru]e 2) we know that,

1. The weight of the volatile so]ids is ‘equal to a percentage of the totaT so]1ds.
2. The weighta of the fixed sohds is equa] to a; percentage of the tota] sohds

o e
143 D i
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Now we put these sentences 1n mathemat1ca] terms.

1. Wt of . vo]at11e sp]1ds = x¥% X tota] so]bgs.

2. Wt. of Fixed solids = y% x total so]ids . T
' SR A

t Ru]e 4 nggL,n the va]ues given for all the unknown variab]es into the mathemat1ca1

sentences above.

, Ne then ]ook at the 1nformat1on in Ru]e 2 and that te]]s us that,
1. WE. of volatile so]ids = 60% x 800 1bs. "
2. Wt. of fixed solids = 40% x 800 1bs.

Rule 5 Perform‘a]] needed operations to solve the~pnob1em; , fiffﬁtv;’:-*

In this problem we need only multiply.

1. 60% x 800 1bs. = 480 1bs. = wt. of volatile solids.

2. 40% x 800 1bs. = 320 Tbs.

wt. of fixed solids.

’Rule 6 CheckAyour answér. - ’ _
| Since we mu]t1p]1ed to.obtain this.answer we use dfvision; its. opposite

operation to check it.

1. 480 1bs. . goo 1ps. S & 20 dbs. . gyg s,

.Gﬁ : . . ! : ' 040

.Examp]e.9 (usingﬁaddition and mu]tiplication)'
Three drying beds at a p]ant are used &or s]udge drying Bed 1 can V’

. hold 1,000 lbs of sludge; bed 2 can hold twice as much s]udge as bed 1; and

_bed 3 can hold three times. as much s]udge as bed 1. What i5 the tota]_amqunt

of s]udge that can be dried on a]] three drying beds?




of sludge; bed 2 holds tw1ce that of bed 1 bed 3 holds three times that '

~unknown and the 1nformatidh£g¥yen,
equation, |

Rule 1 State the problem

' ~f Three dry1ng beds at a plant are used for sludge dry1ng Bed 1 can
hold 1, 000 Ibs. of 'sludge; bed 2 can hold twice as much sludge as bed 1 and

bed 3 can hold three times as much sludge as bed 1. What is the total amount

. of sludge that can’ be dr1ed on all three dr g beds? -

Rule 2 L1st all the 1nformat1on gi ven in the problem ,
| Three dry1ng beds are used for sludge dry1ng Bed 1 holds 1,000:165, .

bed-1. o - S -

Rule 3 Set up.the equation'?'.

placing the desired unknown on'one'side of the

Q

Here we ask the quest1on, "What do we want to know?" In th1s problem '

- we wish to know the total amount of sludge that can be dried on all three dry1ng ,

: beds From the 1nformatlon given éin Rule 2) we. know that, ’

1. Bed'l holds X' 1bs. of s ludge.

2. Bed 2 holds y t1mes that of bed 1

3. Bed 3 holds z-t1mes that of bed 1. . - ‘ o <f

Now we put these sentences in mathemat1cal terms

1., Bed 1

=X 1bs. of sludge.
2. Bed2 = yxX Tbs. of sludge (in bed 1) . ‘
3. Bed 3=z x X lbs. of sludge (in bed 1) |

~The total wt. = Bed 1+ Bed 2-+ Bed 3= x Tbs. + y x X Ibs. + 7 x X bs.



N\

7?1'tn"the mathematica]
: ~"F ."'. _/".:'.. .

;Lsentences above

We look at the 1nformat1on in Rule 2 and tha te11s us that,

b // .

1. Bed 1

=1, ,000 Tbs. of sTudge. , ;;f;.“
© 2. Bed 2 =2 x 1,000 Tbs. of sludge (in bed 1). ' L
g _ S .net’ : CoA e,
3., Bed 3= 3 x 1 000 1bs. of sludge. (1n bed 1) )

" The tota] wt. =bed 1 + bed 2 + bed 3 = 1 000 bs. of s1udge +2x1, 000 bs.
l .

of s1udge + 3 times 1,000 1bs of s1udge.,

h

Rule 5 Perform all needed operationS'.t-

1,000 Tbs. df-s1udge" ey

#2000 bs. of sludge

35000 1bs. of - s1udg_

-Rule 6 Check your answer. . -

This involves simple subtraction. S
6 000 Tbs. of sludge - (2,000 + 3 000) 1bs. of sludge |
6 000 1bs. of. s1udge - 5, 000 1bs of sludge = 1,000 1bs of s1udge

Problem 31 .‘, - N -:'» ‘o S | .
A rapid sand f11ter at a water treatment p1ant receives an average '
da11y f1ow of 7. MGD During a backup period this fi]ter becomes c1ogged ups

. caus1ng da11y flow to become ten times less, than norma] Nhat is the f1ow

'during this backup period?

3
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. ;Problem 32 _ , .
.;¥§§}" "Organic Toading may be expressed mathematica]]y as equal to

Fbs. BOD/day
N cu. ft. volume

15 1bs, BODédgz '1s considered normal organic loading for standard . ..
cu. Tt. volume _ _ S S . .

s

5

rate f11ters.

While 200 1bs BOD(dgz is considered normal for high rate fi]ters.
1000 cu. ft. vo ume

‘How much greater is. the organ1c 1oad1ng in a high rate filter than in a standard

. rate fi]ter?

Problem 33. o | ) . .
The average dai]y flow to. a water treatment plant is 4 MGD. - If the
. : -population of the county it serves is 50,000 what is the GPD. f1ow per capita?

| - - . J
°Prob1em 4 T )

" The number of tons of so11d waste generated from different sources

1n 1972 in the United States are listed below. How many total tons were generated’:

<

.'.‘ that year? o v .
. o Municipal - = .. 297,080,000
| Manufacturing s | g _ 127,320,000
Mineral o T 1,315,450,000
Agricultural o 2,503,960,00?)_

" Problem 35
A water treatment plant has an average 1nf1ow rate of 10 -gallons per

. second. How many GPD 1s this? How many ga11ons per year is this?

R . : - 47 148




Th1s prob]em 1nvo]ves mu]t1p1y1ng un1ts and cance]]at1on
Hint Remember that mu1t1ply1ng a number by one does not change“
its value. L 7 - ,

60 seconds =1
minute:

60 minutes =1
our o
24 hours‘= 1 . o

365 days _ q '~‘ T _ . 7
_ year '*fv’7} \'} o 4- y | .J |
P]ay around W1th these un1ts and’ cance] Where" necessary to get the

1o

appropriate answer ' - : T




| SECTION V- - S ,
® W FoRMulAs ¢ ,
A formula is an equation ékpressing“a mathemat1ca1lruTe “The purpose
of a }ormula is to he1p you the operator solve the unknown value of a particular o
'quantity you wfsh to. know. This: qUantity that you wish to so]ye .can be in terms
/of we1ght flow rate. d1stance, area. vo]ume. or many other d1mensions A " L
formu]a has- at.least one 1etter or unknown variable that is to be solved‘ Sound |
'fam111ar? A formula is an equat1on.‘ Usual]y the var1ab1e or Tetter you wish to
solvesis put on one side of the equat1on with the other nuﬁBers and a known

var1ab1e on the other s?de “To find the value of an unknown var1ab1e subst1tute the

values of ‘the other Tetters or unknown variables in the formula and carry. out the

" necessary operat1ons. -'f - ‘ ' N\
) M ]‘0 - s (". | )
I’ R 3 t: In the formula A =lix D find. the value of A when I = 3. 14 and D = ld
| First write the formula u
A = 1xD - ' .
Then subst1tute numbers for the unknown variables or 1etters
=3.14xD - (m=3.14) 3. 14 replaces I
A= 314 x 10 " (D=10) 10 replaces D.
CoA=3L4 :' |

Sometimes the unknown you w1sh to solve is not alone on one side. of .

\
N

-the equation

};" In the formiia A'= LW find the value of W when A=10 and L = 20.

First write the fornula. . o j "‘ L

| . 150
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-

Then substitute numbers for the“unknownﬂvaniabJes_oh—ietters:~:

10 =Lk (A=100 10 replaces A
10 20W (L= 20) 20 replaces L o

Now what? What's wrpng’ W is not aione on one side of the equation"
by itse1f ; This can sometimes be a probTem.  With. some insight you couid divide

both sides of the equation by 20 to get w aione by itself.

0= 200 -
10 . 200

20720
10 _

ks W

i B

An ea51er way, however, wouid have been to put the _variable you wisb

to have soived on one side of the equation

_ A = LW . ' ' Dividing both sides by L we get
AL LW o
LT
. A’ . .
'é =W \' - This would have made the probiem.easieK{_

Problems 36 - 40 | | . o
”%)InmgmmmaA=gmfmdmenwewAanbewamh=4q

) 2
- ‘ . M S : ' .

37) In the formula V¥ = 1/3 1 R%h find h when V = 1000, T = 3.14, and R = 10

W gs;




. i -38).’_ In the formula A = 2 TRh, find A when I = 3.14 ,....R_=‘6-,wa:nd—h—---;—m e

o,

. . ?'{.I ' ) . .
39) In the formula M%fé ra_,find a when M=25andb = 5.

40) 1In the ‘formula A= L2 find A wher | =

4 Ru'les of so'lv1ng an unknown in a formula: T
1) ".Make sure the unknown you are so'lv1ng for is a'lone on one s1de of the

2

. equa‘tion If not perform the necessary operat1on to put 1t there
. ? -wrfte down the formu'la C o - s , S
N )"'_.Subst1tute the other 'letters or unknown var1ab'les wi th the known values

“4) Carry out the necessary operations to so]ve the desf red unknown

S L 1592
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IMPORTANT FORMULAS FOR WATER AND WASTEWATER OPERATORS

10,
11.

1

13
4
15.

. 16.

.. Pounds of chemical required per day

. Pounds of chemlcal required per day

. ‘Brake horsepower = GPM x head in feet

8.34'x flow in MGD x dosage in PPM ~
' % availability

143 X flow in MGD x dos;ge in-GPG-
% avaflability

Dosage in parts per milllonv(PPM) = lbs. of ohem1cal used

Tiow 1n MGD x 8.34

Dosage in gralns per gallon-(GPG)‘ 1bs. ‘of chemical used
Yy T flow in MGD X Il

~

Pump efficiency = water horsepower B - y , o
N - brake horsepower S .

. Water horsepower = GPM x head in feet

3960

3960 X eff1c1enqy of’pmnp

'Motor power -input = brake horsepower - MPI x .746 = the units in kilowatts .
, : “motor eff1c1ency Lo | K - o
'Motor efficiency = GPM X TDH x 746 o
R . 3960 x Kw .
Gallons per minute = MGD x 700 "~ .. o
MGD = GPM .. " o
- 700

Percent BOD removal PPM BOD influent - PPM BOD effluent

PPM BOD 1nfluent '

Populat1on equ1valent BOD = 8 34_x PPM x_MGD

»_Populat1on equ1valent suspended sol1ds -‘8 34 X ng x_MGD
. Rate_of f1ltration = MGD‘ ';'This answer-will show MGD per acre.
L ames S o S ‘

Average rapid sand f1lter rate 2'gallonszper nlnute per square.foot.

152
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- - 17. Rabad sand filter wash rate 625 GPM per square foot of area for 1 inch
“rise and 15 GPM per squave foot of area for a a 24 inch vise.

J 18 Capac1ty.requ1red in gallons = Daily f1ow in ga11ons X detention period. 1n hours
2O. P TEARLTRE T 3 24

.-

: ‘;19{:'bétéhffoh;ﬁiﬁe”ih‘hours _A_pacity of tank in a11ons X 24
R ¢ = dai]y flow in galfons . - :

SRR *
- 20. Detention time in hours : c;pacity of tank in Cubic feet«
. B “:' S 5570 X sewage flow 1in :
21, 'Defentioh tihe in minutes = capacity of tank .in ga]]ons
o - i Lo , .. flow in GPM - :

L 22. ‘Tank vo]une 1n cub1c feet 5570 x flow in MGD x detention period "in hours.

23, - The nat1ona1 Board of Fire Underwyiters has adopted the following formula
e for detenn1n1ng “the total quant1t§‘of water required for fire service. In the
: formula, ."G" is the required amount of water in gallons per minute and "P“ LR

is the population expressed in: thousands

' 1ozd~x V- (1.0 - 0.01 x VP)

-.’, &

. : 24. Ve]oc1 ty -distance 1nches, feet or miles . : L
= _ ' PR time. hours, minutes or. seconds -_-' R
- 25, 'F[u{d'diScharge, vo]ume of flow  gallons or cubic feet
. o ' time "~ any unit of time
260 D1sp1acement ve1oc1ty 93.x sewage flow in MGD -

cross-section in square‘?Fét-

27. We1r overf]ow rate = qﬁ]]ons per- day '
ength of weir 1in feet

R 28.. Surface 1oading in ga11ons per day per square foot = 180 x tank depth -in feet
‘ - ‘ o ' " detention time 1n hours

7 7 29: psi =.depth of water in feet x .434 | a L 5
. hﬁ, '30. - Depth of water = psi- x 2.31 | | -

i
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SECTIN V-~ /7 >

. POST TEST

Problems ‘1 - 6 Solve for the unknown?¥ | “
B _ | |
2) P+ 40 =62 - g
:'1'\\‘\ b

ERIC ~ -

[Aruitoxt provided by exic i




“n

S, ; . = . .
. . Lo . g . . S PR ’
. - v . q L P P s

7) Two dny1ng beds at a wastewater p1ant ‘are’ used for s1udge drying.. Bed 1

can_ho1d:2,000.1bs._of- sludge;—bed- 2-can~hold-th

ree times as much sludge i
as bed 1. What is the tota1 amount of s1udge that can be dried on both
beds? = - - : ST e :

. : \i SRR . . ,
- \,;1/ | -._'j ‘71.‘; \“. :’M ‘ .. P . . '

- R ?) The verage da11y f10w to a water treatment p1ant is 1 MGD. If the population

o e'county 1t serves is 20 ,000, what is the GPD flow: per capita?
f ;." N I i .

~ L :“'\L.

. ) B

10 assum1ng nI= 3.14.

I

A v

.

ERIC i e




SECTION V

POST TEST KEY

. 20
8. 50'GPD per capita

. 3}4 .
0. 100

N .
. C .

5
6 .
7. 8,000 1bs. of sludge
8

9

156
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SECTION VI

NITT © ROMAN NUMERALS

UNIT IT ©  METRIC SYSTEM

UNIT III ~  CALCULATOR USE
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SECTION INSTRUCTIONAL PACKAGE GUIDELINE

- SUBJECT MATTER: BSiic Mathematics for Water and Nastewater'Operators

UNIT OF INSTRUCTIO
LESSON NUMBER: Section 6
}§STIMATED TIME: 3& hours

JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE A knowledge of roman numerals, the
metric system, and calculator use is important for water and>waj£ewater plant operation

R PREREQUISITES _The learner shall. have successfuIIy completed seftions 1 - 5,

Roman numerals; metric system; caIcuIator use

INSTRUCTIONAL OBJECTIVES:

Termina] Performance Behavior - The learner shaII successfu]]y complete this’
~ Imathematics section. Successful completion of this section shall be
demonstrated when the. learner. through pre-test or post-test written examination
hzs met the specified criterion Ievel based on the behavioral obJectives of
s section.

~

| 'Behavioral ObJectives - At the compietion of this section‘the-Iearner will be
- abTe to: _ .

. Express in writ1ng the Roman notationaI va]ue of various whoIe nunbers and
_vice versa, - . _

, _,Express_in writing the metric equivalents of simiJar Eng]ish values in
. various dimensions ; Tength, volumé, weight. area;and rates of flow.

. Perform the foIIowing mathematical operations ongthe foIIow1ng types of
numbers on a calculator: o

:.Addition with respect to whole numbers and decimals A .

Subtraction with respect to whé]e numbers. and decimaIs

MuItipIication with reSpect to who]e numbers and decimaIs
Division with respect to whole numbers and decimals =~ — #
o Percentage computations with respect to whole numbers and dec1maIs.

Squaring with respect to whoIe numbers

Y

Obtaining square roots with respect to whoIe numbers

-Conditions - The learner will accomplish these objectives_with the aid of a
- calculator and a metric ruler. » S R | .

159

18 .



.: Criterion - Level of Acceptable Perform
~on either the pre-tes or.post’test.

INSTRUCTIONAL APPROACH: Indivi dua1 '1e's,son utilizing self-paced study of written
material., . S _ L o o . '

INSTRUCTIONAL RESOURCES:

+

Avaﬂab_]e Supplemental Material R e o

Dressler, Isadore. Preliminary Mathematics. New York: Amsco School Publications, -

Inc., 1965, PP, 123-17%. , v
-Giyes a brief explanation of the metric system.

7

Kibbe, Richard, R.; Meyer, Roland, 0. Neely, John, E., and White, Warren, T.
‘Machine Tools and Machining Practices. New York: John Wiley and Sons, 1977,

.Exb'].a'ins"ilq_w to'se1ect‘a"nd use an electronic c,a].cu]afo.r. Note: " (Calculator
direction manuals for the model being used wi1l offer the. most complete operating
" directions for your particu]ar‘model\a'nd are most useful). _ : :

Mir_a'. JdHo. A. Ar'ithmefic Clear ~aﬁd Simple. New.Y.ork:V Barnes 'and‘Nob]es. Inc.,
1965, ‘P 7, S - ' - -
. Briefly explains Roman numerals,

»

. S, Suggested Supplemental Material

Ki.rkpa_f"ric"k. Joane, Mathematics for Water and Wastewater Treatment Plant Operators.

Ann Arbor: Ann Arbor Science PubTis ers Inc., . ' 96-/2, -
- A good source for learning the metric system. Emphasizes principles and methods of

conversion. Has many illustrated examples.

~,

B .

159
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SECTION VI |
PRE-TEST =
v : ' ' o
Pr_'obJems 1-3 ~ - Problems 7 - 10
Find the Roman notational Using a calculator, perform the
values of . . ; v following operations on the - .
. . : L ~ following problems. -
1) 15 » . e .
7) 10 + 26 + 37 . S
2) 21
il
.3) 30 PR ' 8)624:=8
“.
4) What is the numerical value of, XV?
9) 500 - 220 - 47 .
5) Convert 10 kilograms into pounds. =
' -6) Your water treatment plant. . - . 10) 50 x 4 = 10 + 25 - 17.
) -receives a shipment of 100 o ' : .
% liters of .chlorike. How _ : .
- ¥ many gallons is ' ' '

160 161, |




| B SECTION VI
' & | ) PRE-TEST KEY

Puad
.

o z

XXL- - |

o | .
e P

15 S |

22 pounds S

26.42 gallons, - kj>
73 ' o . .

0. 28 - . )

-\ooo\:gsm.h-‘wm‘

162
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SECTION VI

UNIT I ' .- ROMAN NUMERALS

following is a llst .of the' Roman notatlon letters and thelr values T .

There are two- -common methods for notations and wrltlng numbers One
of these is the Arabic notatlon which we have already learned. Thls system
uses the basic numbers zero tnrough nlne.-jThe other methoa for writing numbers

is the Rdman notation. Unlike the Arabic noiatlon which is-used primarily for

;calculatlng; the Roman notatlon is used for numberlng'chapters in books, or time

pieces etc. } _
The operator may encounter Roman numerals when readlng reports using

Roman numerals as subheadlngs for sectlons Romaﬁ numerals are thus worthwhlle

\

to know and can come ln handy on several occaslons

In Roman notatlon letters are used~as symbols lnstead of numbers. The

' Numbers 1,—-9' - '_4 , - » ' ) o | ;

I mow oy oy ') SRR § SR

1 " 2gq 3 .4 5. 6 7 8" g

Groups of Ten . - o S
X ow L CLXXLXXX XC -

020 30 . 4 - s 60 70 8. ., g

~Group of 100

<

c o ) , ? L

100

‘The -basic Roman notations are:
I v x L. ¢
1 . 5 10 50 100

1&153




For the operator's purposes,fearning Roman notation up to 30 should

be mgtemthan;suffjgient74

Smallerlnumbers placedlin front of Iargerﬁpumbéfs are subtracted from the larger.
Smaller numbers placed behind larger numbers are added to the IéFger. |

... Example 1

= ., o
Write the Roman notation for 11.

o -

; X is ten - SN

S lis1 o | . _
XL 1s 11 because 1 s placed behind the X, the I is added to the X

<

Ten + one = e]even,

°.E£aﬁgle 2
| 'Nrite the'Roman notationvfor 9.

Xis10 | S
lis1 o ks -
“IX is 9 because I is plaqédvbefpre the X, the 1 1s subtracted from the X

Ten - one = nine - o ; | - ”

Example 3; | . ’ | - .~'” [ R
. Mrite thé’Roman‘ndtatiﬁn for‘ls."’

S .tX 1§ ten

Qg s Five L o , N
O Ws 15 because V is placed after X, the V is added to the X.

ey ]

Tén + five =‘ff'i_f'_teen

163164




TABLE 6
zf;The fq]]owing are a list of common Roman notational values.
11 | X1 =21
12 _ O XXID
13 . : XXII1
w . IR

1= Xl
X

X111

X1V,

XV

XVI

. ¢
XVIII

XIX = 19 o XXIX

=20 =30

]
o
N

I1

£
zf‘*t
'*\
3
-
—
n-

A - B S - T T P N
©
]
><
><
-
—
]
N
(o))

%

© 111

o
o
2 - w

—
<
]

o
]
><
) >€.
=

15
16
17 | XXVIT
18 XXVIIT =

o=
"

]
N
~

-

—

=

1}
1}
N
o
€

.
-l
— )
—
—
]

RaacH

]
N
(Vo]

—
>
nooou
—
=)
>
<
"

C X=40 S it
LXX = 70 - CLXXX- =

50 | LX = 60

]
&
.><
(]

]
(Vo]
o

% L
o~

“Without look1ng at the previous list of Roman notational va]u‘”

comp]ete the fo]]ow1ng prob]ems R R TR

. Prob]ems 1.4 L : - R

F1nd the Roman notat1ona1 values of: | ‘ C

el L L o

o I |

O was 5

| ‘34) 9o ;A S 165
A | o e




‘ ~Problems 5 - 8 S o
Express in Roman notationa]bvalues*‘. o oo
7yso | - | ) &
8)8 ‘ {ﬁi
* * Problems 9 - 10 .-

9) Thisxéection is Section IV. What is tngtnumerfca]_value?

10) while filllgg out a State report concerning water treatment you came across

Sect1on XIII what 1s the numerical value?

!
4
.
-
)
-~ , °
N
« o .
'
v
L e
5 :
¥
- 1
—
Sy »
e
4
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SECTION VI °

UNIT IT - ~ METRIC SYSTE

e

The metric system is a system of measurement based on the meter.
Most of usLat one time or another have heard of the word meter, but not all
of us know what it means. A meter is'a un1t of length, s1ight1y greater than .

a yard ) Its maJor importance 1s that it 1s the foundatdon of a system of

.measurement using different un1ts then our own Eng]ish system. The metric

system is 1mportant because it is the standard system of measurement for the
wor1d It is very possible that in our 1ifet1mes all numbers and measuremen ts

wi]] be gaged in metric terms. Thus the need for the operator to be at least

-aware of this system, even if not present]y using it, is apparent.

The metric System is not difficult to 1earn. In genera1 each unit -

size is 10 times 1arger or sma11er than the unit s1ze before or after it.

- o -PREFIXES$LSED IN THE METRIC SYSTEM
. Prefixes : Mean'lng _'. R
Y MW 1/1000 or 0.001 ’ |
Centi 1/100 or 0.01 )
o Deci Yooro1 T
Unit ' 1 .
Deka - B \ 10
Heoto" e ) 100
- Kilo f'= 1000 :

Measures of Length

The basic measure of 1ength is the meter.

1 kilometer {(km) = 000 meters (m)
1 meter (m) " =100 centimeters (cm)
21 centimeter'(cm) = 10 mi1limeters (mm) ._
e g7




Ki]ometers are usually used in p1ace of miles, meters are used in.
p1ace of feet-and yards, cent1meters are used-in place of inches, and millimeters
‘are used for fract1ons of an. 1ncg§

To gef a fee] for n ‘n'c un1ts take a ru]er and measure the 1engths

of various 1tems your- f1nger, a dime, a pipe, uS1ng the centimeter scale. This,

w1th énough practlce, w111 help g1ve you experience and ski]] in dealing w1th the

. metric system? Measure the 1ength of thlS line.

3

2

Length Equivalents

1 kilometer = 0.621mitle . ] pite - 1.64 kilometers
1 meter = 3.28~teet | 1 foot = 0.305 meter |

1 meter = 39.37 inches + '1inch = 0.0254 meter

1 centimeter = 0.3937 inch 1 inch = 2._;5'4 centimeters

1 millineter = 0.0394 inch . linch = 25.4 mi1limeters

NOTE: Tne'above equiva1ents'are reciprocals. If one" equiva]ent is given the

“reverse can be obtalned by division. For instance, if one: meter equa1s 3.28

i

feet, one foot equa1s 1/3.28 meter, or.0. 305 meter. .

or ounces. T ' ‘ g 167

Measures of»Capacity or Volume

‘The basic measure of capacity in the metric system is the liter."
For measurement of large quantities the Cubic meter is sometimes used.

1 k11o1iter (k1)"= 1000 liters (1) = 1 ¢y meter (m3) |

1 11ter (1) = 1000 milliliters ~(m1)

/\

Ki1o11ters, or cub1c@geters are used to measure capacity of large
storage tanks. or reservo1rs in p]ace of cubic feet or gallons. Liters are used

in p1ace of ga11ons or quarts. M11111iters are ‘used in _place of quarts, p1nts,
' v

—

d6s



\?_.J - ! ' . A -'u
* Capacity Eguiva]eh%%_ | ) ’%ﬂ?ﬁ o &
' 1 kiloTiter = 264.2 gallons T qat1on -9;003785jkf]§]fte}?.'v‘.: ’
1 liter = 1.057 quarts o 1 quart = 0@945 1itéf f'f’_':‘:
. ° . ’ N v e 4. \). ' : ‘ '
1 Titer = 0.2642 ga11on 1gallon = 3,785 1iters . =
mTTilter = 0.0338 ounce 7 gynce < 29.57 milliliters “

Meaéure§ of Weight . | . .
,- The basfc unit of weight in the metric system is the gram. One cubjc
‘ centimet;:)pf.water atimaXimum dgnsity'ngghs one gram, andithus there is a' .
direct, simp]g re]afion between vo1ﬁme of water and weighti{n the metrib system.
1 kilogram (kg) = iooo,grams (gm) -
gram (gm) < 1000 mi111grans (ug)

1 milligram (mg) = 1000 mi crograms (mg) _ - o o | ‘
J Grams are usually used in place of ounces, and'ki1ogram§7are used in
Place of pounds. | | . -

4

Weight Equivalents . _ '
1 kilogram = 2.205 pounds - 1 pound = 0.4536 kilogram

1 gram = 0.0022 pound . 1'pound.='453.6 grams | A i«'
1 gram = 0.0353 ounce . ilixounce = 28.35 grams o
1 gram = 15.43 grains 1 grain = 0.0648 gram

e - - 4‘}*' ' ,:»

’>
3
ol

\-_—

Metric system_not generally used - _
1 square inch (sq. in.) (in?)‘ﬁaé =46.45 sq. cm. «

1 square foot (sd. ft.) (ftz)»=2144 sq. in. -

1 square yard (sq. yd,) (yd2)n= 9 sq. ft.
1 acre (ac) = 43,560 sq. ft. ‘ o,
1 square mile = 649 ac s sq. kilometers
1AQu re' R . ;fzfg) q 11ome
: 2 169 :




;:;:i?§' O liianllons per minute (GEM) S I}GPM = 60 GPH
\ “* -7 gallons per hour (6PH) . 1 GPM = 1440 GPD ~
SR Gallons per day () "1 yap = gos 6PM = 41440 GPH
Million gallons per day (MGD) , '1.CFS = 60 CFM = 3600 CFH |
 Cubic feet per second (CFs) =140 CFD
| | = 646,300 GPD = o 6463 MGD
1 geu = 1.547 s
Examgle 4 L 3#; . | .
. Convert 20 kilograms into pounds. - f A

e Lo .
°. o "J hY ‘., .‘ *
° ) - '
] o e L .
@ "K ) o
n n ' “,
.
- .

;j( Rate of/?low _ B
:f{:_.@g;f,eg ;,‘;:gﬁetrih system-not generally used The most common'units'are:

To solve this problem we set up a ratio and pr0portion First we |

must use the unit of conversion for 1 kilogram; that is, ‘what does 1 kilogram

'weigh using pounds? By referring to- our chart we see that 1 kilogram = 2.2

pounds. Consequently.

e

1 kilogran is to 2.2 pounds as 20 kilograms is to an unknown amount

of pounds
= This may be mathematically stated ac |
- 1 kilogram = 20 kilograms L :
4 2.2 pounds . X pounds , We then -can multiply
c1xX=2.2x20 | |
1xX=44 )

- Example 5 ,i

Convert 20 pounds into kilograms.

. By referring to our chart we see that 1 pound = .45 kilograms:

H . " .,

bR
S




4

X S
Consequentiy, :

1 pound is to .45 kiiograms as 20 pounds is to an: unknown amount
| \of pounds. | J

1 pound * = 20 Eounds o o -
.45 kilograms . X kilograms _

We then cross multiply
1xX=.45x20- | |

4
1xX=29

X =9 kiiograms

Prob]ems 11 - 12

11) Your water treatment plant . receives a shipment of 1000 11ters of chiorine.

How many ga]]ons is this?

o 4': | specifications manual, It must however, be at 1east 3 9 inches wide for

proper flow.'

v

Is the valve wide enough?




MULTIPLY

Acres -
Acre-feet
Acre-feet
Centimeters
Cubic feet

Cubic feet
" Cubic feet

Cubic feet/second

Cubic feet/second
Cubic yards

- Degrees (angle)
Feet '

'Feet
- Feet

. Feet .

Feet of water
Gallons
Gallons
Gallons
Gallons

Gallons, Imperial
- Gallons, U. S. :
Gallons, Water
Gallons/Min.
Gallons/Min.

- Grains/U. S. Gal.

~ Grains/U. S. Gal.
Grams

Grams

.Grams/Liter

Grams/Liter
Horse-Power
Horse-Power
Horse-Power

" Inches

CONVERSION FACTORS

~ FOR OPERATORS

BY

43,560 - ’ .

43,560
325,851
0.3937

1,728

7.48052
28.32
448.831
0.646317
27

60
30.48
12
0.3048
1/3

- 0.4335

0.1337 .

3.785

8 .

4 ) R ' .

1.20095 1\ -
0.83267 "
8.3453 g
2.228 x 10-3 -
8.0208/area (sq. feet)

17.118
142.86
0.03527
2.205 x 10-3

- 58, 417 P

1,000
33,000
0.7457

745.7
2.540 ~1

T0 OBTAIN.

‘Square feet

Cubic feet
Gallons -
Inches ,
Cubic inches

Gallons

Liters .
Gallons/minute _
Million gallons/day -

" Cubic feet

Minutes
Centimeters
Inches

. Meters

Yards

‘:Pounds/square inch

Cubic feet

Liters :
Pints (1iq.)
Quarts (1iq.)

U. S. Gallons
Imperial gallons

‘Pounds of waterc

Cubic.feet/sec. | - .
Overflow rate (ft,/hr.)

~

'Parts/Mj lion

- Lbs./MiTlion Gal.

Ounces

-Pounds ',r‘\

_Grajns/Ga]; -

Pakts/Mi1tHon

Foot=-Lbs./Min.

Kilowatts
Watts .t

" Centimeters

’ .

\




" ENGLISH SYSTEM

Unit

Feet -

« Inches

Square feet

Acre

Cubic feet

Gallons S :

Cubic feet per Seconds -

Gallons per minute

- Gallons- per hout, -
Gallons per day .

. Thousand gallons per day
- Million.gallons per day
Pounds .
~Parts per million

" METRIC SYSTEM -
N

Abbreviation

Uni;‘

Millimeter
Centimetersyg
Square centTmeters
‘Cubic centimeters
Liters -
Milliliters

Grams

Milligrams o
Milligrams per liter
- Kilograms

* Meter

g2

ft. or ' -
inor"

sq ft or ft2 _
ac : —_
cu ft or ft3
gal =

cfs or cu ft/sec

"gpm or gal/min

gph or-gal/hr
gpd or gal/day
tgd _

-mgd

1b or #
ppm

Abbreviation -

mm
cm

- $q cm or cm2
cu cm or cm3
1

ml
gm
mg




“SECTION VI | | F
2 CWITIII - CALCULATOR USE A

A

" Theﬂbenefit Of using the.electronicncalculator in the field of water
and wastewaterftechnology cannot be overestimated. With an electronic calculator |
mathematical operations are perfbrmed at a much higher rate of speed - than the-
same operation done in ones head, with the result of saVing time Calculators:
are al§p highly precise instruments, with greater accuracy there is also less
‘chance of errors in computation. Thus the main’ advantages of a calculator are

| speed'and accuracy. . ' N o
If you d0-not'already have a calculator; you may wishito consider .
obtaining one, There are many different'types of calculators available today,
| som!'With advanced scientific capabilities, and others with basic capabilities
' The”basic capabilities (necessary for solving water anl wastewater math problems),

_.. ~ include the performmg of the four basic mathematical operations: Additi on,

' ,subtraction multiplication, and division Some baSlC models also include
square rogts, percentage operations and even pi..

o 2hn appropriate calculator should also possess certain capabilities
."that Will permit flexibility in the operator S. work The calculator should for
.instance be able to perform operations to the sixth decimal p0int This sixth

place is hecessary in problems dealing Wlth parts per million such as in water

_ treatment. The unit should’%lso have a floating decimal p0int where the . decimal ’

- point‘is'automatically placed in the answer when calculated o
. Finally, conSideration should be given to the power supply Battery .
operated or- rechargeable units are highly advantageous as they permit mobility
hFor some - operators Ehis is a necessity as their work takes them into the field
.,' . Where electrical service is unavailable o
174 - o
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R As previously mentioned a11 popuiar ca1cu1atorsgperform the basic f
four mathematicai operationS° Addition; subtraction muitipiication and
division, while some others wi11 aiso perform square 4oot, percentage and pi
operations How the ca1cu1ator performs -these operations however, may vary

from ca1cu1ator to ca1cu1ator. - o : ’ T ",/

The following ca1cu1ator practice procedures are based on a unisonic -
mode 1011 a fairiy popular brand and may or may not work with your ca1cu1ator.s'
The best advice that can be- given for operating a ca1cu1ator is to read the o
instructions suppiied by the manufacturer, as the order of operations between

ca1cu1ators may vary.

Operating a calculator R //// S -

Step 1 - turn pouer on.

Step 2 - performing operations -

Example 6 | S
~ Addition: 10.52 + 25 = 35.52 . | '
| 052 . °10.52 |
N R e _ 35.52 answer h
Example 7 - : | S : ‘
S &quihm’15-7= | , | L
. , C‘ o o o
5 s 15
7 - or = | g ?




Eiamgje 8

[N

Multiplication; 12 x5 = 60

Ehtéf - ~ Depress <

Sl

5 ’ X or =

: ,f Example 9
)'.j | .aiVision§',40 £10=4"
.« . Enter N : Degréss
& . o 40" L o .

0

LY O
o
-.

Example 10

10 .' | +

. Example 11
S Enter - ‘ ~Depress

B T

Addition by constant 10+ 7+ 7 + 7.

- Enier ’ T Depre§s '

- Swbtraction by constant 100 - 10 - 10 - 1

MSﬁaz

12
60 7%

- Display

40

10
17

24

31

- Display

0
100



'EpFer - -~ - Depress .
0 - . =or:

1]
0
o

S eor= . 70
Example 12° SN %}:ﬁ;
' -~ Multiplication by constant 20 x 10 x 10 x 10 l e T \\ L
Enter ‘ . Depress Display

10

Example 13
' 'DiVisipn'by‘constant 1,000 = 2'§”2 2 . |
. Enter Depress ) Display
b..’.;-. | | ' _ c E S
1,000 o s 1,000
2 s sw
| | ror= 250

1
e
N.
on

& =-or
Example 14 . o P -
' Chainoperation 100 :5x3-10+20 |
- . Enter ;,Lf:'Qawa';DeEFeSS“Z B Display -

Sl S
I e
Segm ee T T Ty
: c . . .'-.., . .

[y
o
o
e
[y
o
o




- Example 17

. Example 15

‘Enter . Depress > DESpTaN

v .
B .
Lo

 20 o= . . » 70

Percentage 50% x 75

Enter ° Degress' . ~ Display

. o x s
50 o 'S 7 3

- Examg]e 16 o &

Squar1ng 72 49 s

Enter . .- - Depress - Disgigz
a0, _. . ‘ ' _ c h . . ) .‘0

-

, SqUare:rbotg' /65 = 8

@ T s g

Prob]ems 13- 22 Perfbrm the fo]]owing operations on a ca]cu]ator

B ese0 5-11 - *
1) 100x5+4 . 16) 20410+ 10+ 10
) /e 1g) 22 .
Lo oM Iyg

 Enter . o _ Depress - . " . Display o



* -
t . i
. . )
- - “

B , . v - .

- . v . <
» A v \ )
. .
" s . . O

. . N

19) 70, x 5 x5 20) 1043222
. 121) 205 x 250 22) 50% x.180 -

I3 Al
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SECTION V1

‘- POSTTEST. - - CL
v LT A _ o _

_,'
v

}¢ blems .1 - 2. .. Problems 7% 10

“Find the Roman notat1ona1 ‘ - Using a: ca]cu]ator, perform the
. values®of ‘ o . j.fo11owing operations on the
- o , S ~ following prob]ems' . t:, I
y 1) 16 SRR S Co e . A cat
L T o s 7) 25 -13 ° ¥ '?vf-x e

?)gZO'f L o fi‘ G :
AR o 18) 30 x 40

o '. S 6.\ ) ' ‘
. - : ) . . (\;\): . _' ; . . . y . '.. . | . . . h.:' o »(‘, b
_ - Prob]ems 3-4 . - “ o L B

Find the numér1ca1 va1ues of e

. . N - "" . . s
.: g) 25»'*‘17‘ ._. }O“‘ P

10) 25 x 1042+ 5
: . ) - 3 ‘ . \ ."'//. ..
L S WL Co R @ 7

*'5) Convert 100 ki]dgrgmsj{nfo poundsi.; - e »'ﬂg;-'

.Y ._:"17." B et o B ] “v,.'::‘;v. 3, " h ',‘ ’ _‘ ’ -'§» . ’ : R )
: .45. = R .o S -. . '.- ] . BRI .
. o i ) ‘ R o | , |
6) A smal] wastewater pipe has a : Lo I R ¥
measurement of 2,54 centiméters - R N o
according to your spec1f1cat1ons s L S, o e
,manua] How manw 1nqhes is this? S - ST e
’__,_" _ . . . ; . s v ._ . ) | .. .".v

L

B

S

v

i o
o o
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T 3 ~~ SECTION- INSTRUCT1ONAL PACKAGE GUIDEGlg

" ESTIMATEB TIME: '7h0urs R - e,

© . JUSTIFICATION FOR ‘THIS INSTRUCTIONAL OBJECTIVE; A knowlédge of geometry is
. _important for water and wastewater plant Operation. _

s _'LPREREQUISITES The ﬁearner shaTT have successfu]]y completed Sections 1-6.
g INSTRUCTIO%L osaecnvss o

af

‘Terminal Perfoﬁhance Behav1or -_The rlearner shall’ successfu]]y compTete thTS‘_,.h;;;"

Mmathematics' section. Successfuyl completion of this section shall be

e demonstrated when the learner through pre-test or post-test written examinav~on

has met the’ specified. cr1ter10n TeveT b//ed on the behaviora] obJectives of
. this section 1 . A - :

o Behav1oraT Obgectives.- At the comp]etJon of thTS secbion?the Tearner wiTT be

: abTe ‘to: N v } R

- Determ;.e,the perimeter of the foTTOW1ng geometric figures TriangTe,

. quadr ral {includihg sqyares and rectangTes). pentagon. hexagon,---
: septa p octagon.’nonagon decggon, circie. -_/'

o r £ . .
'Determine'the area or sﬂr?éﬁe area oﬁ the fo]]owing geometric figures.%‘
Triangle, quadrilateral (includip

cylinder, -cone, sphere. variou;gébmgdnatfons of the above. AR

. i§ 7Determ1ne the voTume of the ﬁ&]]ow1ng Qeométric figures., Cube. rectangular. .
L * solid, -triangular solid, trapézoidal solid, §y1inder cone. ‘sphere, various _

- t;;' -'combinations of ‘the above figures - . Agﬁﬁp,.-“ @

fad Conditions - The Tearner w1TT accompiish these objectives with the’ aid of the |

»
l

K2 geomefric formu]as prOV1ded in th1s section.

Criterion - LeveT of Acce tabTe Perfbnmance - Minimdm.paSSing'SCOre is 96%
- on either t e pre- es_ or post- est. L o '

INSTRUCTIONAL APPROACH’ Indiv1dua1 lesson utilizing seTf-pacing of written
.-.materfaj S . T :

= INSTRUCTIONAL RESOURCES

’

o Avai]abie Supp]ementa] Material s

-

*T?"Hill T H Nard Mathematics for the - Layman 'New.York; PhiTosophical_Library. '

1988
E’,v.Di5cusses magnitude and Tinear_measurements.u '

:A .ﬂ;. &?1@ﬁ,ph183wl

$quares and rectangles), circle, F R

e




K]

| "“ Ki rkpétﬁ ck, Joanne. 'Mathemati cs_for Water and Wastewater Treatment Plant @
Operators. ~ Ann Arbor: or Science Publishers Inc., 1973. PP 81- 106 ' - .
Covers area and volume measurements for various geometric figur‘es. ‘
uggested Supp]ementa] Materia] _;' - f ; .

B1ttinger Marvin Lo,y and Keedy. Mervin L. ArithmeticA Modern A roach.
’“Reading, Massachusett5° Addison-Wesley. Pub]islﬁng Company, 1971. FPZQI-337 T
" An excellent source for measurements 'in .geometry as well as for additional &

.,r_-f' pract1ce prob]emS‘ L - v : LR

. . o o : (.i‘.‘.\‘ . ~ . ,_-ir
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PRE-TEST

Lo S SR S o
1. A rectangular clarifier has the following suﬁ%aceadimensions: A hand rail
as.to be installed around the perimeter of .this tank. How much railing is
required?- B - L .. L
g

R e SR
] . . '«. ' J' ‘.. . (‘ ’ ‘ ..l ‘.:. | | . .' | '
. 2. What is the surfalé area of the tank above? S : E

y A
L.

VR

-

Htar with a 40ffoot

S fﬁ$

- & . .

“with a ép foot wad

g

4. What is the area of a civc

3

'?ﬁtrickjing3

filter

‘

q]é

D‘

il

~ 5. What is the érgafof this trapezoid? -

.~




| ' .6."Thé primény c]arigier is in the form of a rectangle. It ié filled 3/4 full.
What is.the.volume of Tliquid in the tank? . .- ' '

- - 10 ft. . S
' 7." Your grit chamber has; the following dimensions: When
- what is the -volume of water in the tank? o

L]

T s lofe L
S T B T T g .
" B” Find, the volume of this figure. - ' e

—— !
this. primary clarifier. o e
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__SECTION_VII

8. 441 £t.3
0600 .3 @ T RS T
10. 14,13

PRE-TEST KEY

-

1. 56 ft.

f2)0 1600f.2 o 1
3 |

. 125.6 ft.
| . ’ 2 | | . " | ' . ' ..
4. 1256 ft.© - S o L .
5300 frog - | _—
6. 1500 ft.3 -. = e
7 o - | o .

n e

=

¥

.. 2200 Ft.3

. -

#ft.3 “.“;.. N : " Lo b, . .. .- e




'SECTION VII f

UNIT I

GEOMETRY —

1.

R
»ﬁi“f S

‘ system has always been used'in the T

-

Man has aTways been interested in questions such as. "How Much?,"

"How Far?," "How Long? " and "How Big?". AN of thesevquestionségre answered

(ERERE 5
) G

by measuring the distances invoTved

We are going to measure the Tength of Tines - These lines may be.

straight or curved They may be up, down, across, over, under, through or

J'around These Tines are caTTed by different names ; some of which are Tength,

: Width depth- perimeter, radius, diameter, and circumference

: Sometimes it is not pQSSibTe to determine a distance by direct -

measuremenﬁ fsuch*as‘across

-mathematicaTTy f;.' ' o : - 5 w‘?

P

treatment

* l

Pages ieae- 172. S ';--\

A ;
system and the centimeter in the~Metr1C syste § vComparing the two standards .
the inch' is approximateiy 2 |

c nsistent we fust use a standard system ;ﬁ_ .”g' .Vf =

i b:;,,;**ﬁ ‘

.1.' and the distance must be determined

©

In order to be accurate in our measurement and at the same time A§E”“

There are two’ standard systems of measure ‘used in waste water

They are the English system and the Metric system The English ;-‘

<

fboratoryrand is now being gradya]]y adopted
-Jc

1 _:of the EngTish system, the Metydc system, and the conversion
ﬁange from the EngTish to the Metric system are incTuded on

S
PR

Ty

)

\3/2 tines as Ton97

bl
e

: system Ts wideTy used. and is the one with whfch we-are aTT famiTiar The metric ',“_
o .



R . . . S

‘is the grit chamber? "How much ‘fencing do we need to surround and protect our‘

planﬁﬂ How much chain do we need to operate our scrapers?

. also'in the distances around it. The distance around a triangular or N

= <2

ey rectangu]ar unit is called the perimeter~:%The perimeter or distance aro%gd a:

33!

“-circular unit has a special name and is ca]‘ 'e‘circumference. we need to

be able to measure or calculate the 1ength‘oﬁ‘% straight, rectangu]ar or-
c1rcu1ar weir._ . | | "

Remember distances are measured in 1inear units i e. inches (in ),

'feet (ft. ), centimeters (cm.) meters (m.);“etc.

Ne also must be concerned with the measurement of surface areas.

For the purpose of proces51ng we will 1im1t this. d1scussion to areas of flat

surfaces.- Ne ne%d to. know How mfgﬁ?surficé do we have for settling? How

lu

S ‘much surface do we have on our’ trick]ing filter? Are our drying béds 1arge

enough? e e R _v“ S rif B .
. SRR nf Areas are measured in two dimensions or square units_u gUarei' B ;‘7=:1§ #
T thinches (1n/rSTXSQuare centimeters cmz), SQuare feet. ft. 2)% : S 5“'{e»»'"“°%‘w
*Incidentally this 1itt1e superscript or exponent 2, means to L o
‘ S muitiply by itse]f D o e .f. E e
| B . 2’ ft. ft. -'feet x feet 'O_h . 'gg.;". C . _ Jf,-:f :
‘:#-»rxﬁk M@%:(mﬁm o - L L }'ﬁﬁ

S A
.l 4 AP _D2 D x D = Diameter X Diameter




) . o . ) .
X : C. . N :
Y . o : . © ' : : P
- " “*

The d1stance around thiSuSUrface 1s caHed perimeter org-in the case

53 ._.."_.‘wofh; 61.;'?;1e.' it is called the ci rcumference. - .
SR The nunber of s1des- of a geometnc figure may be used as a gen&
means ow? c1a,ss1f1cat1on. - A _
_ t - -The following is a 11st of thlS genera1 c1ass1f1cat1on. i
|  Name of Figure ’[Nunber of S1des S
-Tﬂahg_le' 3. " [
Quadrijatera]* .
v o . Pentagon . 3 5 e '
...‘ o .--‘ .-.‘_Septagon" | 47
. ‘_ SR .'Qctagon. B . .8 - |
C = .. " Nonagon - . 9 -
o= , Decngn N - 10‘

e - ' 'Circle

G‘ Per1mete-r of Tnanglg%\

AH tr1ang]es have three s1des ana three ang]es. An qng“le is the -
"'Thekper1meter of a ﬁﬂang]\vs the ‘.

‘§"space formed between two lines tha$

v
-
L4
:_. ‘0 .
'+ L .
. e
: .
y - . L]
[N
~
<




R

,-_ ) ‘f‘ e

) . : . > .
‘C' .

v
-
n

‘%+Sz+%

.
s -]
"

< 4in. 4 7 4n.+ 9 4n. 4in,
20 in.

»

©
]

.Problem 1- 3 o _ T SR R -

2) How many feet of steel. wire is needed“

v to fasten a large triangularly sha ed
D crate containing pipes? .

Find the perimeter of these triangiés j" i L "-“; f h'.

L.__ﬁ_ﬁ" le w IR
The area of a triang]e\is edip] to one ha1f ‘the base multiplied by

the height. This is- true for any. triangie.,f ' "", LT -‘='.;*T:; SRR

Area of Triagg ,'f ' _.;?_ . S :f:f'
. "“T ) Loy - X .

“We, also need to know the‘are5 of _triangie. This area is the number -

"o R
__..-..,. w Sodamle T TN

) _tv.
Y

~ij@ Ne do not have a sinp]e.way to measure-the area of a triangie directiy.,

9'Using dimensions which we Can measure and a formu]a (formu]as are dfrections or_ .

instructions) We can. calcuiate the area.. nga,,béf _;.5}f1.=L~




' . &
these figures. They are the perimeter or distance around, and the area which 1s : j‘é>~

“In this case, it is easier to change inches to feet »@;‘

.'481" 48"‘ "‘}zi;r-*"nrft 4ft.,-.’.f3=:‘*‘

;"”Area, sq “ft.

&

:

)

V_..\\

'4

'Since 1 ft. /12 in. is equa] to unity, or one multiplying by
"1'gth1s factor- changes the form of the anwer but not its va]ue

12 (Base, ft.) (Height ft.) o e

Y2 x5t x4t

o go ft 2 - '_.‘- e

D |

10 sq ft. i~'.:"¢ 'Iﬂ -‘.. , :f“-? 3‘

_,_NOTE'X Triangie ABC 1s one ha]f the Erea of rectangle ABCD h .
,;triangle is a Spec1a1 form called a Right Triang] since-it contains
©a 90° ang]e at p01nt B.. - '

. i

Like any plane gggure, we shoulQ~be abie to find out two things about

'.~_ the square units enc]osed by the: 51des - Qjﬁ,,.f,"#{

4 —

-

~\ , ) o an S R / W Lo
PR ',f_.' . . . z.
The Perimeter of a Quadriiaterai e

. Ali quadriiaterais have four sides and four ang]es The per1meter
of a guad’i]aterai is the total }ength of a]l four sidés '-f,jg4i% ;”f}v‘u

e .,Q]J»“the uni ts the same

e o
S W T E R SRS

i NOTE' Ali gonversions should be caicuiated in the apove manner..

-
o
i
’
l“"
'\'l.
e
i
b,
L
. ‘..
.
o
R R

K]

N -

. _ [ B . . PR
- A . . -« . i o . X . - ' . o ot i - "
LA . R S CO +—»?--~ e e e g i Lt o R o .
e T = . . B : ' o .o N S
\ b ¥ D

. ‘. s a4 N . .t .
5o T e T L e \ SIS ot R RS ¥
o ‘,@ o ’ Y S Gl A SRS
- oL . : o e o -y B
. - @‘_ ]91& e L Lo _.\{ k RN
- et . : . - Lo . E N e
- . A N . - . W . N ar . L - *
L LT . o e , . R .. . - et
‘,\ Lo b e °’ e e - . ]
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. . /
: : A

!

!
i

~.

The formula for this is p = 5, + S, + 83 +S4

This formula works on all types of Quadrilaterqlg.

- . . s .

Example 4 5 ft,

47.‘ - ‘. \ '. *
st R S

5ft. + 8 ft. +4t, 4 4 ft. o " -
- 21 ft, B | | \

©
] ]

‘Example 5 o : ST : :
: 6 in. ’ - . : !

4 in./ 540 o | -
// . . ',-"/ ' : Ja.

7. in.

P=4in v 640+ 74n. + 5 4p,

ES

22 in- . C . 7;

~ When all four sides of,gwquadfilateral (a'foy} sided figure) are equal

b

it is a square. T , 7

Problems 4 = ¢

| . .
Find the perimeter of these quadrilateyéls;

5) Ne/heed“é'new fence to protect our new

~ . » .. water treatment plant. It is calculated -
2 in 2. - . that 200. ft. for one side of a square o
, ) ' IR .- .Shaped fente pattern is ideal. How much
— o . ;total fence 1s needed to enclose the, plant?

(m,' X oo e }f Hint: Jn a square; all sides éré‘equaily
S . o e © long. - . ' :

; B < e . . 3 . -
Lo . : B
Y] . . : : ’
d - . '
B . N .
/
!

. 1 200 ft.




. ) _j X ) | ~“ . .(/ A / - . | . .
- B).A wastewater p1ant has one dry1ng bed 20 feet- w1 de and 40 feet 1ong What
s the pemmeter of this rectangu]ar drying bed? - - :

Hint: In \a—rectang]e, opposite s1des are equally Tong. - . e

R K R )
Rectangle C N : i .
° .-‘Q’ : 40 ft. . o -. gy - (: _ r - .
The Area of.a Quadralateral
PR e 4
Area of a Trapezo1d Q\ _ -
o Smce the only constant an a trap‘zo1d is that the two bases are
a1ways paraHe] (or even) we must have a more comphcated for-mu]a to figure
the aréa of a trapezo1d ";;,,, r
Example 6 , Bl o .
. o . :
- — 4B:tu . .T,q A“ -B—L_Z_B.Z X h L ) \
w . R : .
"_,h = 7f ‘,
Z - +Bo ’ ’A‘gft‘+11ft'x7ft '
——k ‘ 2 -
11 ft. : * - \
. ’ _ A = 10 ft. X‘_7 ft. i
| A=70ft.2 - | '
T . : N ‘;' _1 -
~-;These 2 lines are paraHe] o : g
" or even | _ ~ f
: .Prob]'erns’ 7-8 R | .
.7) -Find the area of th»'is small grit 8) Find the area of this 1arge grit :
_ chamber . o chamber.
st -
y sl o\ .
T TR T . -




"

Area of a Square

R S1nce we know a square has ,four equa1 s1des, we simply square the

Tength of the side and get the Area (Area is alwdys expressed square un1ts)'

-/ .M’r " . &>
' Ty : N s (
‘ ,',Exaﬁgqe 7 . . n
Sy e w I ' : : : ’ _ ' .
o K R ‘/ t,..\ ; . . . . 3 = 52 I . . . i
3 -'%"'-g-'. T 71 A o o | N
j_‘. S s N : . - . i ‘.”
| v 4‘ SRR _— 6 ft\_. A=6 ft. x 6 ft. , R
- SeNN £ A= 36 ft.2 . |
R e g o
;' P.rolﬂuems 9! - 10

F1nd the area of these squares

9wt 10)Find- the area of this 197t station
o 1 5 & . wet wel]
, ! : ' 75 f"ti 5 R ]
, o B | %6 ft.
) M '7; ": . . | | |

",'- L We must a]so be;ab]e to f1nd the areas of quadra]atera]s The e /
:-~ formu]as change W1th the shape of the quadri]atera]S - ] : ‘ gg%x
Area of a Rect ng]e

'/(‘ B The rectang]e has two different 1engths of s1des One 51de is ca11ed 1

'“._the 1ength and the other is ca11ed the w1dth If’we mu1tip1y these two we come

up w1th square units of the figure. - _sz' : fv _ -' ; ';3

‘- S = ‘ ' . : / _/

W

o | 194 -




- Example 9

’
' ? f
¢
‘ r
- .
.

o Examgle 10

 Example §

P - .

Find the area of-a reétangl
is 3.5 feet

Area, sq. ft. = Length, Pft.
T sty 5
175ft

The surface area of a settl

A=Lxu

330 'sq. ft. = | ft.. x 15 ft:
L ft. x 15 ft. _ 33p ft 2
T 15 ft. - TR

=-17.5 sq. ft.

>
;

e if the length 19 5 feet and the width

.

- . o L‘" ’
X Width, ft.
ft. ’

1ng ba51nv1s 330/' uare feet One side

At / ‘ v ‘
' Divide-ééih sideS‘of“eqution by 15 ft.

. K 2 t . .
L ft. = 330 ft.
e - 15 f¢.
= 22 ft.
S
Circles o

A circle is a figure w1th

distant from a center po1nt

" abic,dyedf

" are equaf‘intiength.




_ ”-' This distance from the center point .to a point on the outside is. '

called the radius

» . | The straight distance from ‘one side of a circle to the other passing

through the center is called the diameter. - The- diameter is twice the radius.

Example 1. o | S . Sy

2r

. . . . N

g

: The diameter of any circle is twice as® long ds its radi us. .{"‘

. We have a mathematica] constant (a never changing va]ue) that we ’

use with circles. This is c/a]]ed pi (a. Greek 1etter) (the symbo] ism).. - .
I« Pi never changes in va]ue and is the ci rcumference (distance around the
5outside or perimeter) of a circle div1ded by the ’diameter of"the ci rcle.

ci rcunference
di ameter .

Pi'

) .
. This may be expressed as a fraction or as“a decima].

I = -2%or .3.si41'5
. Circumference of a Circ]e - o -‘ ' s
\',Fonmﬂa: C_=,2nror]ID ‘Remember D = '2rsoIID-II2ror2nr
‘Gircunference = 2 I x radius or I x Diameter ) - same -
, ) v _ \ o
» w Q v ! ‘ ‘ *

' ) ' ) : : \T’l ' b

- ) ‘ ]951 9 y o




¥ Example 12 . e

Detenn1ne ‘the circumference of a well with a radius of S,ft,, and

d1ameter of 6 ft.

C=21 r —or C=1bD
C=2x3.14x3ft. . o
. C=22x6 ft.
C = 6.28 x 3 ft. e T |
C = 18.84 ft. C‘_= 18.85' ft.
-12

‘ \\ h

® ~ Problems 11
Find the circumfereﬁde v _ ,
11) How many feet ds it around a’ c1rcu1a§ clarifier if you measure 1ts radius to

be 7 feet?

12)

o

Aréa of a 61rc1e

The area of a circle 1s pi times the radius squared or pi times the

+.

ldiameter squared d1v1ded by 4

' - ‘ 4

. V

. . . 3

: . i
.




! A 314x8ft Z(Bft o
) - 3.14,x_16:ft.
- , f'A,="5o;24 ft.2.
Examg]e 14 , ; .1i‘{v L /
T - < What 1s the area qf a: circle w1th/a d1ameter of 20 cent1meters?

| %, \\\ In th1s case, ‘the formu[g/ﬁ51ng a radius is‘more convenient since
T m'kes advantage of mu]tIpIﬁ by 10. '

gl

A “”Iﬁ :AvAlnea, ‘sg = I[ (R, cm)? |

= }ﬁ;!;ff=' Lo wiﬁ Slx 10 cm. x 10 em, -

3 ,‘,i} i ‘.. ¥ . .
’ ’ﬂ@:f q :;-,"', . ‘-: s N .é’:\i ~= 314 sq. Cm.
. Examg]e 15 SRRV e .
S ﬂ

what is the area of a tr1ckhng fﬂter w1th a 50 foot radius? »‘\\{ '

In thi,s case, the for'mula using diameter is more convenient

0.785 ‘(Diameter,  ft. )2 B "y
0.785 % 100 ft. x 100 ft.

Area, sq. ft.

7850 sq. ft

it

Prob]ems 13 - 14

Find the -area




13) ' , 14) what is the area of
. . the filter?

Occasﬂv\naﬂy the operator may be confronted with a prob]em g1v1ng the
area and- Lequestmg the radius or: d1ameter This ».presents the special problem

of finding the square root of the nunber

Examg]e 16
. The surface area of a c1rcu1ar c1arif1er is appr.oximatew 5000 square
feet. what is the diameter? : - zﬁ
. A=o0.7502, or o | o
. ’, N o _Area,,sq. ft. = 0.785 (D1ameter,1f_t )2 - L
L 'SOOO sq. ft. = 0.785 p2 s . To solve, substitute given values in -
o ‘ ‘ R ' equat1on._ ,
‘ -.0,78'5 ’02 5080}?;95 ft. -- Divide both sides by ‘07‘7’85.to fj'nd D2, ;,
D2 = 5000 .sq. ft. T |
o ~- o

= 6369 sq;’ft;L
: Therefore o

% D= square root of 6369 sq. ft. or

o D1ametemft = /6369 sq. ft |
' As prev1ous1y ment1oned, it is somet1mes eas1er to use a trial and
_ error method of findmg square roots. Since 80 x 80 = 6400, we know the answer

js c1o‘e to 80 feetv\




Try 79 x79 =624,

Try 79.5 X 79.5 = 6320 25\ T |

Try 79.8 x 79.8 = 6368.04, L RV
ﬁﬁ*-f'ﬁg o _The d1ameter is 79.8 ft. or approx1mate1y 80 feet

If it is too difficult to f1gure in your heada use a ca1cu1ator or.a

tab]e to compute your result. . ‘ \i . . | . ‘
. ' N ‘

 Gylinder |
With the formu]as presented thus far, 1t wou]d be a s1mp1e matter to n
find the number of square feet 1n a room that was to be painted The 1enqth of
" each wa11 wou]d be added together and then mu1t1p1ted by the he1ght of the wa11 ‘p
| Th1s would give the surface area of the walls (minus any area for doors and J “
- _w1ndows) The ceiHng area would be. ‘found by mu'ltip'lying 'Ienqth t1mes width and the .
result added to the wa11 area gives the tota] area. \\ R - |
The surface area-of a c1rcu1ar cy11nder, however. has not been d1scussed
If we wanted to know how many square ;e:;/pf surface area are 1n .a tank w1th a

-~ diameter of 60 feet and a height of 2 £, we could start with the top and .

# *.'-‘-

bottom. . . = ,3 i _ ': - = o Lo -
. | - 200 | |
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\ . .
. | ’

< * The area of the _top and -bottom ends are both T x R2 '
‘ Area, sq ft 2 ends ( I) (Radius, ft.)2 :
, 2 x () (30 ft.)2 |
. 5652 sq. ft.

Area. of top and bottom ends = 5652 sq ft
The surface area. of the wa11 must now be ca1cu1ated If we nade‘a
vert1ca1 cut in the wa11 and unrolled it, theAstraightened wall nou1d be the

same 1ength as the c1reumference of the floor and ce11ingl~'

| " 4‘ — . 'Cir‘cumfere'nvce = "x.D‘ : o

_ This 1ength has been found to a1ways be H X D In the case of the

tank, the 1ength of the wa]] would be e .e
Length, ft. = (1) (D1ameter, ft. )

. 3.14 x 60 ft.

.188. 4 ft.

Afea;wou]d_be5_~
A, sq. ft. Length ft. x He1ght, ft

.’ :..
|l

-188.4 ft. x 20 ft.
3768 sq. ft. '
13768 sq. ft,

' o Lengt_h of'nall,

- 201




Outside Surface Area !
to Paint. sq. ft.

Area o6f top and bottom, sq. ft. +
Area of wall, sq. ft. :

5652 sq. ft. + 3768 sq. ft.
9420 sq. ft.

A container has inside and outside surfaces and you may need to

paint both of. them. In thqt case Just double the area. \\J
“ Total outside surface |

area to paint ‘ = 9420 sq.. ft. )
Inside and outside : ’ , B
surface area - =2 x 9420
) = 18,840 sq. ft.
»
AN ' %
\

The outside area of a cone is equal to 172 of the 'slant height (S)
‘multiplied by the circumference of the base

A’. qutside%I/Zan xD=I[ xS.xR

" In the case the slant height is not given. it may be calculated by: .
5= /ﬂ+u2 S i L

-

Example 17
- Find the entire outside area of a settling tank with a diameter of
S 30 feet and a height of 20 feet '

202 g?{ffi
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Slant Height, in. = -/ (Radius., ft.)2 + (Height, ft.)2

= /(5 Ft.J2 + (20 ft.)2
= /7225 Ft. + 800 7t.2
Y - . } -
= 25 ft.. P ‘
Area of Cone, : , s C o
sq. ft. = I (Slant Height, ft.) (Radius, ft.)
N . =314 x 25 ft. x 15 ft.
-d- -
= 1177.5 sq. ft.. |
Since the entirevarea was asked for, the area of the base must be
| Area, sq. .in. = 0.785 (Diameter,..f.()2 ’
. o - '=o785x30ft x30ft
j ‘ ‘ = 706..5 sq ft. L
- = Areaxof Cone, sq. ft. +
. Area of Bottom, sq. ft.
. . L " LT c N o .
Total™Area, ’ - .
sq. ig;_ = 1177.5 sq. ft. + 706.5 sq. ft. .
=.1884 sq. ft. .
Problem ‘15 \ . N

\
Find the outside area of a settling basin (do not 1nc1ude the base).

that bas a slant height of 10 ft and a diameter of 15 ft.




e

Lo

Examg]e 18

20 feet in diameter?

~ Area, sq.,ft.

1256 sq. ft.

Problem 16

10 _ft. in diameter?

Vo]umes

Ne must know how much sewage each treatment unit will hold.

is'ca11ed_the volume.

(in.3), cubie feet (ft.3), cubic yards (yds;3), and cubic meters (m.3),

ga11ons,vetc.

;Sphere-

“What is the surface area of a’ sphere shaped methane gas conta1ner

3.14 x 20 ft. x 20 ft.

204

Y

‘
.‘
.
P
h
’

The surface area of a sphere or ball _
is equal to Pi mu]tip]ied by the
diameter squared

'A5.= l'[DZ-

If the-radius 1s used, the formu]a i

becomes: , . }g
As= TD2= I x2Rx2R=4TRZ. E

n (Diameter,,ft.)2

What 1s the sufface area of a sphere shaped ch1or1ne container

This

Volume is expressed_in cubic units i.e. cubic inches

205



.. o ‘ . (O} '
: : Y - The volume of a solid f1gure is the number of cubic units of space the
figure occupies or. in our case the volume of liquid it wﬂ] ho1d

In this section we wﬂ] concern ourselves with six of the most common

. solids. | / -
1. Cube . Sphere
® 2. Réctangu]a"r }S.OHd’ 8. 'Combin,atio‘n ffgureé
B - 3. Tr\iangﬁlar solid
4. Trapizoidal solid .
5 Cylinder
an » 5_.._,,- 6. Cone oo ‘ |
| < . The basi§c pr1ncip1e of finding the cub1c units-in a solid 1is: -~

F1nd the square uni ts of area in the f1gure that carries the base of

.' ) the soHd f1gur'e and multiply that by the third d1mens1on.

Shaded area is thebase.

. -
4

S1nce the Base is a square we find the area by mu1tip1y1ng 1ength by

2

" width or 3in, x 3 in. Jis results in .9 in.5

-To find the vo]Ume we multiply the 9 in.2 by 3vin., the height', giving
3 N »

us, 27 in.% - .
) This exponent 3 means multiplying units x units x units and is called
. - cubing. Lo T |
S R - 205
o 206




, ‘/’

Forfexample: m3 = mxm x m = meter

-

b=
w
u

in X in x in =

-+
ct
w
u

ft x ft x ft feet X feet x feet

' ¢ The simplest Formula for vo]/ e of a cube- is V= S3‘(6r V=SxSx5)
where'S the length of a- side. - .

Exé& le 1 | f' ' ‘ :

/Z The volume of a 4 inch cube is ' C r' -_"' a . %/f

7 ) . . ' -

/ V=5SxSxS$ / L S N
/o Vedinoxdin fain, R -

/. . | o ' .

/ Problems 17 - 18
Find the VOlu

of thji;;hlowing:

17) A Qgstewater storage room (10 ft. cube) =

5
, .
v
. 18) Volume of a 2 yd. cube = . -
P
Rectangular Solid _ .
/ . . : -~ ,. Shaded area is the base
207
o » ‘ -




" Volume of a rectangular sb]id'isiﬁrga-of base times the height.:
The area df'the.basé 1s‘]ength times width<wh1ch we muitiply by the -
‘get the volume: ol | C - S .
. NJhe formula then is V= L x W x.H

F;bm:EﬁQ\figufe abovedy- = 7 in. x 3 in. X 4 in. . R
. R 7 vessin3 . o
Problems 19 - 20 o

* 4 [T : ;o ! '

'Find the volume of the Following rectangular N
19) A rectangular tank has the - 20) L =6 ft.

: . following dimensions. What L
© 0 . 7 is its volume? B W= 4 ft.
. H = 3 ft. ‘ ‘ / . -\,5

The base of this solid would be the triangle formed by points a, b, & c.

From a previous Tesson we know the area of a triangle is % the base times’

a

the‘a]fitude. In the.figure, 5 in. in the base and y in.'ithhe‘a]titude.
‘ 207 | |

L S - I . !

<08




- The area then_is.szi“- "X 6 in. -

- Co 4
S

/ﬁAMaislsimz | ' f' a T e
Formula: Volume ='a~base X height x length |
=5 in. a o - | . | .
-V X 6 in. x 8 in. o . o ,_ *.
. V=1514n.2 x8in. K N ~
V = 120 in.3 | '

7

Prob]em 21 :
'Find the vo]ume of this figure. -

g

9 ft. -
“Trapezoidal Solid

" The base of this solid would be a trapezoid formed by points a, b c, &d.
From a previous 1esson we know’ the area of a trapezoid f ‘

9(}
basej + bases




s . N . ,'/ A = 10 ft.a; 8 ft. . _ . '. S }i

. a.\’l . , - 1

-

y xQS'fti o ;

v \ _"\ / T - T : _

L i A= 45 ft,2 )
#2207 Formula for volume = basel ; basep - ,

height x length_
' . . S ._'." - /
x5 ft. x 14 ft.. o |

e ﬁ'v . 10 ft. +. 8 ft.
) n p ’ - 2 i\ .
v B ;:’,‘; - St . L DR _ v
o V=9ft. x5ft.x14f. . .

o V=45 f.2 x 14 fE.

[

" Problem 22 v,i' _ . ,':' s . | b _ .
' Fiffd the .volume of this small gnit'qh#hber.

e

N

-

The base of this solid would be a
circle. . .. -

h=6 in L | The rfreb;esenfing-the.radius and )
C =6 m. Lo h" representing the height. L
. ~ . L ce . L . - »

We- know that tpg}fofmuiajfor'thé e

A é{lﬁ fz ) o . _

A= 3.14 x-(zfﬁn;jzf L .\ e -
A= 12.56 in2 | | |

T " Formula fd?}Voije of a cylinder = 1 2 x h T,
D' v-auxg i) x6in. L e .
L V=753 in3. - L

209 - 0
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ﬁ . Problem_ 23 o i ‘/, ) . o " “ . S ' . -‘ - _‘-3 - . / E "
. R Find the volune of a cyhndricaﬂy shaped wastewater storage tank
- when ‘the measurements are:” . . .. T ._'-;4_»;.__ .‘,

Ly r=Tft. H=20 . SRR AN U

.
.

-
[:

Tt e e s v -j‘.,?a-? -
one. ., . T, R

| o

! % The base of th1s sohd 1s a circle.
e = ~_The r represents the rad1us of the

. c1rc1e and the h ‘the heisht of the L

‘ cone. ‘« " R 0 '

T k]
¢ oy

' . 7 . N . « . . '
. ' - S , _ . ) -
.

" i We know that the fonnu‘la for the area of a;

l \ A 2 ey S T
‘o . A 3 14 X (20 ft )2 ‘_?T..l..”'. ‘ “1’ ‘ : l“ : ‘ : P

| A {256 ft2 oo o [ | : |
}'he formula for vo'lume of a. one is 1/3 II r2h N
Sy 2l T R
..1/3x314x(20ft)2 |
v=1/3x1255-ft2x5.¥t, s | I
e 1/3x6280 .3

. e vl- 2093 3 ft.3 RN O o TR

T ' ' : P -

- < .
. .




L e ’ <. L"' ' ’ | - R 53 * . ‘ ) ) .
. -‘ _ PrOb]em 24 o * . T . , - N . ’ ’ o . i . ’ } B o .
. - - v - . '| . 3 s . . e

F1nd the vo]ume of a cone when the measurements are

3 "

Pl pe=30 ”.,_ chesafe o T T

O

. Co.

4 . e .
. Lt ’

Aocﬂ gas can be stored 1o\a sphere with a. d1ameter of 12 feet?
.[f .

O’
-,
[1']
-
2]
=
L]
—h
-
.

|

= —3~ X (D1ameter, ft )3 - ) .

—%,left x 12 ft. x12ft
904 32 cub1c feet -

Prob]en/.‘i - R A

.'_»:". ‘ . ) _ 1.

u

; ;f~?,}v . How much ch]or1ne gas can be stored in a sphere with a. d1ameter of .
Tk ' TR I v
LY 10 feet? T PR e
IR L p,: i _\. : - T, . )
L, ’ . -' ) _" . - '/,... . ',_‘ ,\ . -
.'._'7», \ R _3& w - X
N T , L ,';; . i 'f' d
. ..(:_‘._. \ .«l.. AR




¢ -

R o | Combination FLqures o K o ‘
.t; '.:{'5 QZ There are some geometr1c f1gures that are(?ormed by conb1nat1ons -
”'-‘:ot other geometr1o f1gures.. An" example of th1s is an anaerob1c d1gester ~

',;f111ed w1th s1udge and occup1ed b bacter1a Th1s geometr1c f1gure Tooks -
'pf'v11te a cy11nder w1th a. round bottym but may be d1v1ded into a cylinder and :
. fd1sh}as_shown in the picture below. Thus the volume of this d1gester can
) be expresSed;as'the sum_of,the_vojumi of the cy11nder p1us the vo1ume oﬁ

Cthedish. . R

’ For all pract1ca1 purposes, h wever, suff1c1ent accuraoy can be : ;
_iﬁi@ obtb1ned by cons1der1ng the d1sh as a/éine rather than a part of a sphere.

s . RIS _ , ‘ - | | o
e ' Therefore,_for pract1ca1 cons1derat1ons the vo1ume of the d1gester "

» ]
betomes -the vo1ume -of the cy11nder p1us the vo1ume of the cone.

W . i

+ e
N
- .~ Volume of digester =TI r2h (vo1.‘othylinder) + %-n rzhlw(vol; of oone) -

. L 212 )
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. " PERIMETER FORMULAS (One-dimensional - perimeter always in single units)

Triangle

bt
i

P=S;+s5,+S3

Quadrilaterals. — Any 4-sided figure ‘
P=S;+S,+S3+8,
_ Square | R
‘ (Same as quadrilateral) ' 1 K . . . "I'L__ .
4 : _. . : ] ) Lo o ‘  ‘ . i .‘ ‘ ' E . B nv o
- St L TPES S, 48345, :

N4

Rectangle
- (Same as quadri]afef‘a])

LI

Trag ezoid
(Same as quadrilateral)

Y

S1+S2+S3+84

-~
[
e~
n

Circle ,

. 4 R  Perimeter = The circumference

C=2IR  C=1D

1
e,
Py ‘



A

© AREA .FORMULAS (Two?dimehéidhaif-'akea always in.square units.)

Square

Area
d=

| :fﬁbéra11e10grmh

 area= (b) (h)

: Tragezofd».

:‘.Afea =fh.{a %'bzlé'.:

Circle-

) Afea_= TR =1p2
. 4
3.1416 R

= RADIUS
DIAMETER
CIRCUMFERENCE
- = 3.1416 .

R,
D
- ¢
? - L v C/D

214




'; A. VOLUME FORMULAS (Thr;ee dimensional -.volume alw_yas in cubic uhits.)'-

‘Cube o o
Vo]ume‘= (b) (b) (h) =p3
d=b / g o = 1.732 (b)
Surface = 6.(b¢) - -
. .‘ . ‘ A ,A i . o '
S o o
| | " Rectangular Solid Parallelopiped C /::\’7/—0’ N ‘
. R ) ’ o / - v -"\ -1 SR i
, .n-Vo]ume = (b) ( ) ggz - : LI/)LJ'--—-\(----
: . ‘d= / be+ cé + h g7 RN o
- e Surface = 2 (b) (h) +. (c) (h) + (b) (c) ¢) — e 7
' S Triangﬁ]a? Solid or Cylinder =~

- Volume = (base afea)* (height) -

B §:4 (h)
= 3.1416 R2 (h)

—

b

—

-
nmn

~ Pyramid or Cone S . | Vi

. -
olume 1/3 (base ar‘ea) (height) o )A TZ\

v 1/3'(b).a_(b) (h)  V=131R (h)

Frustrun of Pyram1d or Cone

Volume = (A1 + A+ JAIx Nz' ) h/3

' - "Al and Ag Area base and top

215 -
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" VOLUME CONTINUED

" Trapezoidal Solid

valume = basé1'+ basep x height_,x length . - - S
5 - - , .

e v = (b by) (h) (1) I

Sphere . . . T

R

Surface = 1'% or 4IRE

. .-
-

. n o

o~ Ld -
S . -
B N

i - .

LT




2. fwha;!%s the t6t51~area of the;tank abqve?

.- SECTION VI

POST-TEST " £
1. - A cfrcu]ar clarifier has'a diametédef,40 ft. to ﬁhe butéide weir. What -
.~ is the weir 1ength? R ) , : i N i) N

-

~—

3. The.cross section of a grit chamber is in the form of a’ traped ko -
of.alrectang1g.gs}piqtured. What is the total area of -this ciNgg jon?,:

- 10 ft.
‘ 5 ft.

- 1z fE. N )
¢:¥A.gfeése pit is in the form of a cube. It is required that you record the
" cu. ft. of grease removed daily. It is filled to the top before it is «

emptied. What is the volume of grease removed?

o . . L b . . :

R 3 6 ft,

3

5. The primary clarifier is;in‘thaﬁfohn of a cylinder with a cone shéped _
- bottom. The cylindrical section contains raw sewage. What is the volume
of the sewage? a o CL ;

' TN :.’F'- na o




-10.

: The con1ca1 sect1on in the above dlagram contains s1udge What is the
~ _volume of the s1udge? : '

@

What is the volume of a rectangu]ar c]ar1f1er 10 ft. high,. 20 ft. w1de,

- and 40 ft. long?

u
H

 Retangular Tank - :
i V=L XWxH

A spherical chlorine storage tank needs to be painted. What is the ‘surface

area of the tank if you know that it is 15 feet wide? (Diameter = 15 ft.)

What is the volume of the chlorine storage tank above?

.Y

What is the perimeter of this rectangle?

s _ ' ,A ' 80 yds.

o 200 yas. -
N 218
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o  SECTION VII

POST-TEST KEY

125.6 ft.

1256 ft.2
o fe.2. -
216 f£.3 . i

.1526. 04 ft,3
169.55 ft.3

8000 ft.3

© 706.5 ft.2
1766.25. ft.3

560 yards
¥
5

219 -

220
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'ﬁean"
" "Median

Geometric Mean .
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SECTION INSTRUCTIONAL PACKAGE GUIDELINE

. -~ SUBJECT MATTER: Bas1c Mathemat1 cs for Water and Nastewater Operators
UNIT OF INSTRUCTION Graphs and charts basic stat1st1cs
- LESSON NUMBER: Sect1on 8
VESTIMATED TIME: 3% hours

JUSTIFICATION FOR THIS INSTRUCTIONAL OBJECTIVE "A knowledge of graphs and charts
and basic stat1st1cs is 1mportant for water and wastewater pTant operat1on

PREREQUISITES. The learner shaTT have successfuTIy compTeted Sections 1 - 7.

b’(

. fNSTRUCTIONAL OBJECTIVES - L L : 5

Term1na1 Performance Behavior - The Tearner shall successfuTIy compTete th1s
mathematics section. Successful completion of this section shall: be '
demonstrated when the learner through pre-test or post-test written exam1nat1on
has met the specified criterion level based on the behav1ora1 objectives of"

this sect1on .

| BehaV1ora1 Objectives'- At the completion of thTS'Section'the Tearner will be
able fo.,v ' ' o .

t

= State in wr1t1ng the five steps that aré used in preparing a graph as
' . illustrated in Example I of Section VIII.

. - ,
Transform numeric data. onto graphs or charts in a d1agram. p1cture or form
that is representat1ve of that numer1c (number) form.

Define a ‘mean.
CaTcuTate and determ1ne a mean. | ;
Def1ne a median. J
. CaTcuTate and‘deterhﬁne a median.
Define a geometric mean.
) | CaTcuIate and determ1ne a geometric mean. .
o Conditions - None ' _ | y "
f - Cr1ter1on'- Level of Acceptabile Perfbrmance - Minimum passing scg%e 1s,80%
- INSTRUCTIONAL APPROACH Ind1vidua1 Tesson ut11121ng self-pacing of written
. material, S :

’f"'f * INSTRUCTIONAL RESOURCES. o | P B

221
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5 Ava11ab1e S;pp]emental Mater1a1 _ .
< | B1tt1nger. Marv1n, L., and Keedy, Mervin, L. Ari thive ti ¢ A Modern Approach
- Reading, Massachusetts: .Addison-Wesley Publishing Company, 1971. PP 359-368.
Gives a brief explanat1on of mean and median, as. well as practice prob]ems on.
these two top1cs. _ )

;L HiT, T -H. Ward, Mathematics for the Layman. New.York:‘ Phi1osophica1 Libnary,
¢ .- 1958. PP 116- 130 ' ' : : ) .
Explains graphs and how to read them. -

Suggested Supp]enental Mater1a1

+ Cameron, A, J. A Gu1de to Graphs. Oxford Pergamon Press, 1970. PP 1-147.
- An excellent source for a review of graphs, charts, their types,-and uses.
Gives a thorough explanation of how to read and make a graph. along w1th many
practice prob]ems ¢

~Kirkpatrick, Joane. Mathematics for Water and Wastewater Tneatment'Plant
Operators. - Ann Arbor:  Ann Arbor Science Publishers Inc., 1973. PP 32-29.
C1ves br1ef descr1pt1on and explanat1on of mean, median, and mode.

222 S .




" SECTION VIII

." BT P ."l"RE-kES-T " 3

7
oo *

- .
1

1. Graph the following sample volume data.. . . .
P TIME Lo ' SAMPLE VOLUME

8:00 AM. . T om

"ﬁf,f-' © . 9:00 AM. S, 300 m l'. .it.
| 10:00 A.M. oo . |

11:00 AM. o esoml

S 00m e

11:00 P.M, R e,

2:00 P.M. T e m
300 M. ot
4;bo PM. T 00 -

: _ 5:00 P.M. AU -'} 150,m1-1'A |
Rmpﬂ. S e dem. | :

8:00 P.M. A e 100 m]

3
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g
L
AT IR

. - . A . . .
. oo .
: L o : Vo B ’ . v ‘ A
! . ot . . @

°

-
IRy

. - 2. Find the; average amount of_§1uc_49e:your digester pumps,_‘in one day. S

" "2,000 Wbs/day - SRS
6,000 1bs/day. = IR | S
'8,000 Tbs/day . t C | W

| 5,000 bs/day . | . | |

. . v R &

T3 What'is the meah of th_e' following numbers?.

L . L
42, 37,6, 105, 62

'S 4
¥,
I3
&
< k-4

4. Tyo days,of sampling resulted in a most probably;number N) of coliform
- group bakteria per 100 ml of 40, 110, 650, 11003 and 1800. Find the mean
coliform content. . “i@ R R o

?




SECTION VIII.
' PRE-TEST KEY -

E_zl"

. - - . . .
-g .
R . . .
. -" ) . )
- -
R -
Lo i
4 ) .
M B ] . .,
- M .,
. A .
. . S .
~ . " . A . i3 .
- X .
. -
- .
. . .
-
- . .
331 ESERER01 i ’

2. 5250 1bs/day
3..50.4 |
4, 740 coliform
.5. 650 - coliform
_ 3




'SECTION VIIT |
wITI1 GRAPHS AND CHARTS

| Graphs
~. | "A graph ista diagram or a chart which visuaTTp shows a'series of
Zchanges These changes may be 1nd1cated by curves, Tlines, dots, dashes,
' bars, etc This method of representat1on 1nd1cates how th1ngs are changing
in proport1on to each other

“In th1s case, we are g01ng to limit ourseTves to. prepar1ng and

understand1ng line- graphs They are easy to prepare and understand The flow

. charts 1n our treatment pTants are 11ne graphs Charts or graphs which are
_drawn automat1ca11y have the advantage of making and’ record1ng cont1nuous _
".emeasurements The graphs which we will prepare must be done manuaTTy by

_record1ng 1nterm1ttent values; plotting them, and then draw1ng }1nes between

”these po1nts ' : ' ‘ Lo _ e.‘

These graphs will meet”two conditions The po1nts to be recorded
will ‘be measured in two d1rect1ons, one measurement horizontaTTy across the
paper (the x ax1s), and the other vert1ca11y up and down the paper (the y ax1s)

':The lines of the graph paper. wiTT be the same d1stance apart both across and

up and down the paper

.3

~| } k ax

227 o,
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R,
The siie of the numbers wi11‘increase'as we move up from the point

where the x and y axes meet or to the right of where the x and y axes meet.

——— o ) . . .
~

.

|ncrease

y
. N
— ner S .
1
* When one of -the measurements to be plotted is time, time will be
. pidtted on the horizontal or x axis. Time will start at the point where the '{
y axis meets the x axis and progress toward the right.
/
: —
1 I\' .
TIME
v , _ . N
Start S ‘ o End
Mon  Tues  Wed - Thur,  Fri . Bte. . .
‘ Jaﬁl"}‘ Feb. . March o Bpril May R
©0min. 10 min. 20 min. . 30 min. @ R
228
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PN

. R . The scales of the graph should be. meaningful, acc_urai:e, and easily

underétood.,

To plot flow .against time, 'f'or;”example, we might use ‘values such as

these:

(MGD) |

S = N W o

B : S O
] 2 ot
. 56:?-“..‘. .

i
. . g . : : o

. A
DO NOT vary the units of the scales like this:

~59
-+
=
F &3

i

or| |

229
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. R
Make your numbers large enough for easy interpretation. - Use scales.

which permit you to easily determine values between the recorded numbers. Use .

scale in keeping with the nunbeks -and values actually enéou’ntefe’d.

f\ For example: . =

: i‘ Al '
W
18¢ : ﬁhr 3lhy g
- . . - 0
or °
[
1 hr 2 hr 3lhr 4lhr
'
B. .
AN

h Pvrepake your scales. so that the range of recorded values will occupy .
the-'majqr.‘pdrtidn of. your graph. B | -

~

{ ) .ii \=
“‘»{ w ' < | LIKE [rHI
=< = :
, /T NG
AN
» AN
T T N
1= WoTILIKE
L ,
! K
230,




' Step #2. Plot the points from the above data.

: Example 1

The flow in your plant.is as follows:

Time ‘ _ Flow
ThrY | (MGD)
8 A.M. | _7 1.2
9 AM. 1.4
10 AWML ; 1.8 -
11 A.M. 2.9
| 12 Noon ) 3.1
1P . 2.8
2 P.M. Co 2.0
3 P.M. L7
4PN 15

Prepare your graph by using the fo]]owing‘stepsr

. Step #1. Since time is to belplotted on the‘x axis, determine the scale of

values for both time and flow.

Step #3\\'Connect the points with straight lines. d

\

- Step #4. Mone meaningful results may be obtained by drawing a smooth curve

betweeh the points

Step #5 Interpret h\\?raph fran Step #4.

231
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38 o
[4 B
J
. E: x
28 25
0 % 4.V i P *
(MGo) me 1 %
’ 0
Ll B TT
X - 1
. o1 '
5 5
, g0 -
1 32 h—ﬁ—-‘ 182
Time "
{(hr}) . (hry)

1

?

S

mr et
P

=

M‘ - 00
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. Step #5. '_ Interpretations
| A v '(a)'when does peak flow occur? 'Aﬁ}. 12 Noon
(b) What is the flow at 9:30? Ans. 1.6 MGD .
(c) How Tong does the peak flow last? Ans. 2 Hrs.
B (d) When dees the'rate of flow increase the fastest? ;

Ans. Between 10 and 11 A.M. .

s

" Example 1. 5 N

A 1 (one) liter samp]e of mixed liquor suspended solids was taken
to the 1aboratory and aHowed to sett]e inal (one) Titer graduated beaker.
The vo1ume of sett]ed sludge -was_ measured at 5 (five) m1nute interva]s for

: the first 30 minutes and every 10 minutes from 30 minutes to 1 (one) hour.

. The volumes recorded below are plotted on the following page. i
D © Settling Time -~ "' Sludge Volune

s (min.) o | _ (m1/1)
o 0 L B 1000

10 C o 560 *
, 15 - R 490
<« 20 | - 450
25 : 410
I | 390
;o 40 . | | . ' 350
| 50 S f o 3%
60 - s

This )1_s a typical curve of good settling activated sludge.
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Priob}]em 1 .Graph the following flow data:

‘ N ' MGD
- B 8:00 A.M. 3.1
- ﬂ '9:00 A.M. 3.2
) 10:00 A.M. 3.3
G .Y 11:00 AM. ] 3.7
Tl 1200 NOON * 3.8 7
| | 1:00 M6 - EXE
2:00P.M. . . 3.4
i _3:00 P.M. 3.6
© . 4:00 P.M: B 3.7
" s:00 P, 3.9
6:00 P.M. 4.0
- 7:00 P.M. . 4.1
8:00 PM 4.4 ‘
9:00 P:M. 4.3
10:00 P.M. W
11:G0 P.M. , 3.5
12:00 P.M. Midnight 3.2

ERIC - &
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5‘-3“”"
The foHovnng semes of graphs are representative of the var1ety

o .
typi cally encountered in every day plant operat1on You shou]d notice that :

4
there are many ways ‘to draw 11nes on a graph and that- the typ1ca1 sohd 11nes
are not always used. Y ' ' , SR

Q100 : v Co } ’ o a
3 | . - - j 4 : .o
o ' SUSPENDED SOLIDS ' _ .
REMOVAL - '
-]
w
Q
z 50
"]
L -~
. n .
. 2
(%]
o T A -
T FRY
J 1 1y .
< t RN
> [} ] I
- g | ’I
]
x , _ b )
-50f . ]
o i ] - A\
- 4 | [}
s I
9 | [ S
@« ! ) . -
w E ! . v |
e } ' a ) ] K
=100 — + $ - + } 4 S
o o . 20 30 40 . 50 60 o
 WEEKS FROM START OF EXPERIMENT o R
_ .\ ‘ ;
Eo : . : . | " eearormance cuaves | H
) ' : SINGLE COMPARTMENT L
4 _ ULATION OF S 123 GALLON, OV TYPE |- *
o [ o C ‘gfu”.,”“"“; 'gcum- » ' STARTED IN WINTER 1. .=
- : ) . . WITH NO SEED SLUDGE. - R
w ' ' ADODED. . -
w 31 . Y
I S
x . . ' R —_—
. & 21 Sludge ) . _ : SRR
w : ) N I3
Q [ S
: . .
@ ] Scum b
g ; /1l "\\ i~ .- "N - . ) " . . !
- . .’._I - - \'_‘ o . " . 4\. .
b 7 N , ‘\ R ! .\
/ ‘\ ,4’ . . \\ N
(o] - ¢ £ — $ i — -4 .
: o 0o 20 /.30 - 40 S 's0 - .60 .
WEEKS FROM START OF EXPERIMENT .
. N N ; ‘- _" .r.
. ] - ) ".'




a
o

'5j - : _ In the case of block graphs the area of the bar shows» the size of
. the number, Since'mpst bars are equally wide, it is the heighth of the bar
that indicates the number. B10ck.gkabhs unlike line graphs, show the totals

" - . by means. Thhs 'each bar stands for the average of\a group of numbers, énd '

< 2 ) \
includes a range of values.
;_j FARE. - CHLORIDE EXPERIMENT"
G e :"f . : - )
K ‘,. « ! 15 , o
» r' -
C 5
z 1of 3
.z v
Lo :
4 .~z :_-, &O
? R SR ‘
o 7 . QO 5 § PouNDs OF CI°
S " w RETAINED N TANK
.. - , >
.o o
At o '
AL
i v o} L I ! . . !
o 5 1o 15 20 25 3c
4 . WEEKS

MAXIMUM WEEXKLY CHLORIDE CONCENTRATION ’

' © % 10,000 o
« . z - ' ' v 2
T s 5 . I?S Leve dl"/dCl Ao/}\/"v \
) ca N ) .
c* —- AT - -
4 [ 4 . . . .
& .
z s.000f ‘/‘/‘/ o . .
w . - . .
(%] . . . .
[} - B 4
o=z
Qa /“\\
" / [ - - o \\'
“ » .
z
: . ;- 0 1 ' - 4 3 I N
‘ { . .0 s " ) s 20 T 28 . 30
.n . : : - WEEKS
- ) )
. Top. 1 '
Y Y TYPICAL OISTRISUTION OF CI° @ -
;» “THROUGHOUT OEPTH OF TANK
2 x
0 %30 202 weex
= = . .
L
. o C .
: w 2.0 -
. g2 Sludge_Line
: o .-
. < - : y :
. .o ™ - - -
3 ' - &
S a$s. . _

.. Bettem
. o

o R 0 _ 2000 * 4000 €000 8000 10000
o . " . CONCENTRATION OF CHLORIDE 10N =~ — PPmM
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4 'CHLORIDE .EXPER_I_MENT
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.‘ ) I , _ CHLORIDE EXPERIMENT |
Gas Production vs. Solt' Concentratiopm
’ Tank No.6 | Tank No.4 . g
Sesded with siudge - Seeded with sludge
from tank receiving : from tank "in
weekly salt additions ~ normal »_oper_otion .
'5-' + 22 Hours | : 5 4 30 Hours '
. ' O
: " 00
- :
[ 4
W : .
. o - 47 Hours
- = 51 o
; .
z IR
- 1sl2olzsl|
(8] : .
@
=
o
' 2041
Q
W
o 154 )
u .
_ 3
. P 95 Hours
v © 10: . g
(-2}
<
g
l20l2s
' . | SALT CONCENTRATION
" PER CENT o
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SECTION VIII ... o | o
NIT IT  BASIC STATISTICS

Statistics
; what is statistics? Statist1cs are numbers or facts about numbers
put together that produce 1mportant 1nformat1on | Why is statistics important?
‘ Stat1st1cs can help operators figure out much information about plant
operat1on that could be of value to them Let's look at some of this valuable

information.

. The Mean - g
The mean in stat1st1cs simply 1s the average. the average of a list of .
values. Let S put this in mathematical terms

Mean = sum of va1ues : LI
number of values e

" Example 2 I |
" Find thehmean of the values 1, 2, 9.

First sum up the values 1+ 2 + 9 = 12

Now divide by the number of values 12 _ 4
o - "3

_Here we had 3 values or numbers so we divided by 3. Let's try another.

Examp]e 3 o
| Fi nd the mean of 40 60"'._':""'\'\":'1.00' ',600 -
First sum up the values 40 ¥ 60 + 100 + 600 = 800 . .
"How. many values do we have | ' ' | ‘
- 60 100 600

1st - 2nd  3rd  4th
value value value value

- 4 of course! - , - , | ‘




B o So sum of thé values or 800. _ 4 ' ' | .
. : . number of values or &  ~ Mean or 200 o |

b

- . So the mean or average is 200
It is‘important.to know that every gpoup of numbers has a mean .yif
-average. . R | o o g;; R

Another thing to remerber is that ‘extreme values have a'bidﬁeffect

on the mean. T e ) : SRR R
Example 4 o S o

- The mean of 1, 2, 3is2 . - R DR
The mean of -1, 2, 102 is 35 o

xamg]g 5. ,;

E lD1gester c pumps 6 000 1bs/day
4,000 Tbs/day + 5,000 lbs/day + 6,000 1bs/day = 15,000 1bs/day

15,000 1bs/day -
3 digesters 5,000 1bS/daY/d1gester

Problem2
| _Find the amount of.sludge your average d1gester pumps in one dqy
: D1gester A pumps 1,000 1bs/dqy ;
'D1gester B pumps 2,000 1bs/day o
Digester C pumps 3,000 bssday
Digester D pumps 11,000 1bs/dqy; |

242
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;/i:d ‘Problem 3

o“

S 71 | R What 15 the mean of the following numbers’

By 30 75, 11, 105, 695

Averages- and Median

Comput1ng an average from a set of data offers a way of s1mp11fy1ng

the data or compar1ng one set of data with another

Examg]elé ‘ ‘
- " Influent BOD' s at a treatment ‘plant are determ1ned every daya. The .
' fo11OW1ng composi te values were obta1ned dur1ng one Week © 210, 180, 175,v215,

195, 155, and 200. What is the arithmetic mean for the Week?: -

- Sum _of items or values = - ":{210
Number of items or values L 180
4 175
210 + 180 + 175 + 215 + 195 +:155'+ 200 =~ 215 ..
: 7 195
' o 158
= 190 mg/1 = 200
: : N 1330

Average

e ' '
190 -
| | | 7/ 13%0
- e | S . 63 .
. 0

 Weekly average or mean BOD = 190 mg/1

Another ar1thmet1c tool to ana1yze a set of data is- the med1an

The median in a ‘set of data is the middle value. There are just as many values

3

' above a ‘median as there are be1ow

To determ1ne the med1an the data should be written in ascend1ng or

_ descend1ng order and the m1dd1e value 1dent1f1ed




Problem 4

175 .

" What is the median BOD 165

_What is the median BOD in the following problem?
215 . | |
1210 - ‘
L2000

195 - Median . ~ . Weekly median BOD = 195 mg/1

180
155 e 2,

175 _
255 o

345 . .
G0 RN

>
Q

Median co11form numbers are somet1mes used as a standard by regu]atorv

[

Al

agehcies to avo1d;a11ow1ng too-muog we1ght to large coliform %?]ues. - .

1Exémg1e 8

co11fonn group bacter1a per 100 m1 of 23, 5, 2, 2300, and 16

and med1an co11form content

"Mean MPN/100 m}

Median MPN/100 ml

Five-days of sampling resulted in most probaE]e nurber (MPN) of,

Find the mean
>

Sum of - values , f : 2300
Mean = Number of values . .23

o .16
Me&n MPN/100 m1 = 23 + 5 + 2 + 2300 + 16 5
¢ ‘ 5, - . :
2346 R ' - o
5 ‘ : ‘ - 469 -
| | S s/
469 coliform 20 '
, _ © 34
30

45

~.

o .

= 16 colifom
¥y ' .

244

245



The- above'exampTe'indicates that the median value coMpTeteTy
e11m1nates the effect of the one. large samp]e while the mean value is .
affected a great dea1 “Most agenc1es fee] that the m1n1mum and maximum

. kva]ues of a group of data should always be stated along with a mean or .

A}

L3

med1an The d1fference betWeen the maximum and minimum values. is called

rthe range

g. Geometri c Mean. .

_ -The operator on occas1on w111 have need of another tvpe of mean
caTTed the geometric mean. Th1s mean 1s 1mportant because it is used in
averaging . rates of _change and a1so in construct1ng index numbers i -
The geometr1c mean is the- Nth part of the product of any ‘group of

numbers. What does. this mean?
M= N TR () TR

Let's look at an examole.

. Example 9
Find the geometr1c mean of 100 400

To find the geometr1c meam of 100 400 Tet us first wr1te out the

' eduation . .. SRR
| Geometric mean = 2/ 100.X}400 . The two numbers here 100 and 400 are
. o - T S 'mu1t1p11ed together i
- Geonetric'mean ='2/'36:666 . Since there were two numbers 100 and 400
- " _ i - we take the square root of 100 X 400
Geometric nean = 260}?
' E mg]e 10 ’ -c’\\\
F1nd the geometr1c .mean of 1 3.
To f'ind the geometric mean of 1, 3, 9 let us f1rst write out the . ‘
,equat1on o ® 245 ' .- ' :

”24'6',_ | ;




GeometriC'mean 3/ le 3 X §4 ' The three numbers here, 1, 3, and'9,

are’ mu1t1p11ed together

GeOmetrie mean = 3/ 27 : : S1nce there are three numbers 1, 3,
: ‘ -+ rand 9, we take the cube root of 27.

4

([
w

(The cube root is that number that when
multiplied by itself 3 times w111 aive
you the cube. ‘ )

Geometric mean

3 3x3x3: = 27
(cube root) multiplied by the cube
4 1tse1f 3 t1mes

Logari thms can'also be used to find the geometric mean

. Example 11

A wastewater plant has an effluent discharge rate of 2, 4 and 8

'gallons per minute. .What is the geemetric,mean for these values?

Prob]em/5

F1rst Tet us put the va]ues 2, 4 and 8 1n the equat1on

'Geometr1c mean = 3/ 2 x4 x8. Then take the log of both sides

Log Geometric = log 3/ 2 x4 x 8= log (2 x4 x 8)1/3 s : '}
| 1/3 log 2 + log 4 + log 8

Log 2 = .3010 P o | - B
Log 4 = .6021 |
-Log 829031 o 7 | |
1.8062 A T Then add up the Togs

So log geometr1c mean = 1/3 (1.8062)};~.60206 -

So geometr1c-mean = 4

A small water treatment plant has an 1ntake rate of 40 80 and 160

ga]lons per minute. Ca]cu]ate the ‘geometric mean

.o

286~

:‘234f7



. ~©_ For one huiber Geometric Mean = that number . - ' -
Eor.t._twd,.,numbers_Geometr:ié.,.Mean:.,=__2,/_-_1s,t_.n umber‘j-»x~-2ndjnmeer~4~~~~~~—~--»~~-~~»-»¥~—-~¥
For three numbers Geometric Mean = 3/ 1st number X 2nd number x 3rd riumber
For four nunbers Geometmc Mean = 4{, Ist No x 2nd No. x 3rd No x 4th No
For N numbers Geometric Mean = N/ (xl) EIRE S
/ ) .
; c
< -
!
L‘r;{i:
‘(:J‘é \
. &
\-: h N
' 247 2 _
¢ 18
s )




| © SECTION VIII
) 1 R . _ POST-TEST . .

1. Graph'—the--‘fo’lzlowi'ng“f-low-—data; o S : - .'
8:00 AM. | - 1MeD
9:00 AM. o 3. MGD
© 10:00 AM. . 5.1 MGD
_ 11:00 AM. 6.5 MaD
R NOON g 7w
- 1:00 P.M. . 6.5 MaD
2:00 PM. 475 MeD
Cme0PM. . 3.1MED
4:00 ﬁ;M.? T 21 Mep

A
A
s i

Cfe sw0PM. 0 L9mMed

6:00P.M. - . L5MaD.
= ¢ T:00PM. T X -
w < ogooem - L2M@D
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“ -

A large water treatment pTant has a discharge rate of 400, 3003 and 250

‘f%o Tbs/day -

2.
gallons per minute. Calculate the geometric mean.
‘j;‘
3. 15 days of samphng resulted in a most probab]y number (MPN) of coh form
: group bacteria per 100 ml of 10, 30, 125, 800 and 1400. Find the mean.
coliform content. :
4. Ca]cu]ate the BOD med1an | '
wogm.
250 'g/m]7' L, . : ‘ ) ' &
248 g/ml . N | coo
164 g/ml K . '
110 g/m1l _
80 g/ml ‘_
0 9m L
.‘ 5"..

6 000 1bs/dqy
-3,500 1bs/day

1,800 1bs/day . L 280 g




SECTION vIII -+ |
o . POST-TESTKEYs. - - -

Nest
Pit B L

ons peq'r nﬁmvl‘:‘té 2

3

ERIC, .70 e iy 0 et
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'J/// o | " PROBLEM ANSWER KEY \ o '

SECTION I

17. 9 .
18, 13 | |
19. 8

20. 8

w
~

o -
o
N

7,65 - ' 22. 20
" 1,000 ) 23, 18
2 tens | 20

3 Jeft over + 3
23 23

60,743 2. a)
8,972,651 ' ' '

+ v
2 tens 2
4 left over +4 ‘
T

WO .o

.

w0

0 R .25, 510 1bs. of sludge ,, &

100 26 1,63
e 21 812 | -

P @ N e W

10, 15.6 .28 7
e T 29003
2. .1 s 0.8
13, 15 y 3.5
14, 1,001 gallons - - L 32, 7
o - < T
UNIT 1T .
I | 6
3 ' 15, 10 . . | e
o | o S 3, 275
6. 15 | o ] )

253




'I. %, 1,19 ”;/”‘

——

{

38, 1
39. 15
40, 24
41, 270
2.9
43. 1,400
a4, 400
45. 900 .
46, 40
47. 15R5
48 1,218R4
) 49 1,001R2
50.. 855
51, 24
52. 248 R 20
53. 24 R25
54, 25 R8 -

S C 253

_37. 5,500 gallons | S



PROBLEM ANSWER KEY
© SECTION II - _

UNIT-I — ’-;!Ee- — S o -
. * - 5 ) . )

.1 180 10

5'5"A : g -_,‘-.19.‘"

|
ll—l
[y

20.

1. 17

. .3 . _ |
B A R Y
23, 45 :

2. 6

25. .14
. 26. 9.
10, 11
. 37 or1 12 R : _ 27, , %. - o )
12. o - o o "

28. 50 gallons

13. 29. - 18 "¢

30. 40
5. 13 E IR ) P
’16 . -13 S o ) - 32, 15 or 2 Tg' ounces
17. .. 5 3

34.

254 35,
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PROBLEM ANSWER KEY
~ SECTION III

_UNIT._I | B S —
1. 37.2 | E © 25, 3 ¢
. 2 ) ' -1-0-
2. 48.8472
: o \26. 17
3. 186 . 100
4. 1.9 o
- UNIT 11
5. 33.669
R 27. 1
6. 13.079 - 2
7. 43 7 . 28 33.3%
8. 3.5 - o 29. .21
9. 35,610 0 Yo, 7901
10. 7.40235 | . )
R UNIT 111
11. .6.57 | -
. T 31. 8 ft.
: 12. 28,119 L
DR 32, 120 dollars
13, .643 MGD o -
S - 33. 300
14. .0146 MGD | o
o 3. 1,000 °
‘15, .004 R
16-.' 4.651 gallons 'p'er hour'
17, 498
’ A ‘;"7_”-18. 30.5 1bs. sludge per acre-
9., 4,18 S
20. 397 . ,5,5’-
2137 . "
22, 404 gallons per hour
23 .9 "
) o s | -

255



PROBLEM ANSWER KEY

SECTION IV )
UNIT_I ~
1. 49 '24; 4,096
2. 156.25° 25. 23.14
310 | | 26. 54
4. 316.22 - | |
, N UNIT, 111
5. 7.81 é o 5
| 27. 1.005 x 10
CUNIT I 28. 4.7 x 10!
6. 1 .29, 1.8 x 108
7. 25 30, 1x 102
8. 144 31. 5.74 x 10-3
9. i,728 T3, 2.5 x 100
10, 1,29 . 33. 1.075 x 104
S 2,401 34, 6.8 x 104
1. 64 % 1x107
“:13- 243 3%. 5.5x103 -
14, 10,000 T~
15.. 64,000,000 o
16. 10,000,000
- 17g,15;&07_{31%%p
 18,‘,78,125 |
19. 512 R
©20.  1,024' _ ‘%%ﬁi '
. 4 L o
\ 22, s12
.23, 256 )
‘ 256

257




_ 4 PROBLEM ANSWER KEY
& SECTION V
UNIT I P e
1. 30 - 25. 1
2. 50 26. 2.4
3. .4 27. 10,
1
4. 6 n
28. 4 -
5. 1.6 7y : .
6. 70 29. 1 B
7. 161 0. _1
- 5 ?‘ 2
8. 29.5 , | o
‘ 31. .7 MGD | \
9." 6.5 - |
o 32. 185 1bs. BOD/day )
10. 20 1,000 cu. ft. volume
11,10 . 33. 80 GPD per capita
2. 4 “ 3. 4,243,810,000
13. 15 o 35. 864,000 gallons per day
-~ 315,360,000 gallons-per year
14, 2 ‘ e
| UNIT 1I-
- 15. 18 _-
- 36. 400
16. 100 ) -
- | " 37. 9.55
17. 30 | S
- o . 38. 376.8
18. 480 .
R 39. 125
19, 51 |
N ' S 40.. 625
20. 220 S R |
210 39 L
2. 185
23, 7.5
28, 55 o
Cot : 257 v



PROBLEM ANSWER KEY
SECTION VI

— UNIT-L
v 22, 90

XII
o 7 o C i
XIX ' o

XXX
XIS

L

I'd

[Y=2 oo ~! (=) [3))] 2 w N
. . e . . ‘s e .

VIII R | e
l4 ' . . - )
.13

—_
=

“UNIT 11

11; .264.2 gallons
12, Yes

WNIT TID
13. 26.75 |
IR IR R __ .
o 15, 504 o |
.50 N o R T
AR o y
18, 625 o o o R
19, 1,750
2. .26
21 50

258




E . B PROBLEM ANSWER KEY
. o : ~SECTION VII

Wit 1 e
LW ft o 250 593,33 £t
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‘l.

ACCURACY - Correctness, usua11y
referring to numer1ca1
compu1at1ons '

ADDITION - The act or process of _
~ -adding or uniting. -

ALGEBRA = The mathemat1ca1—éct of
‘ reasoning about relations
whereby letters representing
-numbers are combined according
.to the rules of arithmetic.

ALGEBRAIC EQUATION - An expression
containing or using only
algebraic SymbO]s and

. operat1ons

‘ALTITUDE - A Tine indicating the
height of a figure or the
length of such a Tine._

AMOUNT - Quantity; value.

ANGLE - The space within two Tlines
coming apart from a common- ~.‘
point.

~ ARABIC NOTATION - The arab1c system
- of writing numbers using the
numbers 0 9.

ARABIC SYSTEM - The system of
‘numbers in Use today in which
.there-are ten basjc numbers,
0’ ]’ ,2’» 3’ 4’ \5’ 6, 7, 8, 9.

AREA - Amount-of surﬁﬁg;

ARITHMETIC - The act of comPUtatTOH _

with figures.

o ASCENDING ORDER - Increas1n9

d1rect1on- becom1ng greater -

v AVERAGE - Same as mean.

BAR GRAPH - A graph with bar or co]umn
representat1on. :

- BASE - A base of a geometr1c figure js

usually a side upon which an
altitude 1s constructed

BASIC - Fundamental. v y
BASIC ALGEBRA - Fundamental algebral

~ BASIC NUMBER -A fundamental number,

0-9, which forms the arabic
1anguage counting system.

/

BASIC STATISTICS - Fundamenta)/statistics,

BLOCK GRAPH - A graph us1ng bar repre-
sentat1on..

BORRONING - In subtract1on, to take
from one number to add to the next
" lower number p : :

' BRACKET - Means that the terms enclosed

are to/pe treated as a single ent1ty

CALCULATE - to carry out some mathe-
mat1ca1 process

CALCULATOR - A machine that performs
mathemat1ca1 operations.

CANCELLATION - The act of d1V1d1ng Tike
‘factors out of the numerator and
denom1nator of a fract1on

CENTER POINT - A point in the exact
m1dQ§e of a circle or sphere.

CENTIMETER . A unit of measurement in
the Wetr1c system equal to. .01 meter.
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CHAIN OPERATION - An operat1on'
performed in sequence.

CHART - A map or diagram exhibiting
1nformat1on usua]]y in tabular
fonn. .

CHECK CALCULATION - Reworking of a
problem for the purpose of
proving to be right.

CIRCLE. - A plane ourve.consisting
of all points at a given
distance (the radius) from a

fixed po1nt (the center). \\x .
a

CIRCULAR - Of or perta1n1ng to
circle; having the form of a
circle; round.

&

" CIRCUMFERENCE - The outer boundary

- of a circle or circular area.

"COLUMN - A vertical row of terms
used in add1t1on and sub-
traction. . ¢

"COMBINATION - The joinlfg or bringin
together. In algeb
rence of several operations- in.
” one problem.
yCOMMON DENOMINATOR - A common
multiple of the denominators -
for two or more fractions.

COMMON FRACTION - A fraction which
is part of a whole; 2/3 1/2,
etc. .

COMPOSITE- VALUE - The tota1 worth
or value.

CONE - A geometric so1id whose :
surface is formed by straight
lines joining a fixed po1nt
to a p1ane curve.

_CONSTANT - A digit or symbol that

“maintains its same’value through
out a sequence of mathematica]
: operations.

.‘CONNERT -'To change, usually from one

e

‘{’A' o L

CONVERSION ~ Act of converting, changing. ;' ‘

mathemat1ca1 form to another.

COUNT - To name a set of whole numbers * R
in their natural.order usually A
beginning with 1. L

COUNTING NUMBERS - Al who1e numbers
including 0 and 1:

© CROSS DIVISION - Division of fractions.

g

» the occur-.

“CROSS MULTIPLICATION - Mu1t1p11cat1on '
of fractions. » :

CROSS SECTION - The area of a plane.

CUBE - A six sided geometric solid
consisting of 6 perfect squares,
Which when put together form = °
perpendicular lines. . The 3rd

power. .
CUBE. ROOT - A cube root of a number is ‘
that digit, when cubed, is equal to

that number.

CUBIC UNITS - A specific quantity or -
magnitude that consists of measure- '
ments in 3 directions usually
,1ength width, and height.

CUBING - Mu1t1p1y1ng a number by itself
3 times.

CYLINDER - A geometric"s011d~hav1ng 2
parallel planes and a curved surface
of straight lines connecting the 2.

CYLINDRICAL - Pertaining to a ¢ylinder.

DATA - Facts, figures, information, etc.

DECAGON - A ten sided geometric figure.

DECIMAL - Perta1nfhﬂ?to tenths or to the

number ten.
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RACTION.~ A fraction”,

- whoseNdenomiRator:is ‘some

. Power of"ten,’ "1/10", which -

- can also-be ‘expréssed as a-
decimal,..l. N,

- DECIMAL POINT - A single -period

;that is used to seperate
the one's place from the
tenth's._place. K

. DEGREE - 1/360 part of a complete

.5)

DIGIT

angle or circle. -

'DENOMINATOR - The term usually

written below the line of a
fraction which shows the number ,
- of. equal parts into which the

-2 unit is divided.

DESCENDING ORDER - Decreasing
direction; becoming lesser. .-

DIAGRAM - A pictorial represent-
. ation. ,

DIAMETER - A Tine joining 2 points
of -a circle, and traveling thru
the center point of that circle.

- Any one of ‘the numbers, 0,
) ], 2, 3,, 4, 5, 6, 7,' 8’ 9.
| Y T .
DIMENSION - A magni tude measured
in a particular direction.

DIRECT PROPORTION - Where two
- ratios are exactly. equal.to-

each ‘other.

DISPLAY - Show.

- DISTANCE - The extent of space -

~‘there is between things or.
points. o

product or new number. - - m
. e | " :
e e
% ] - © . '

I 2

.

N e
T )
e -

o | o o,
RIVIDEND - A quantity which is to be
- diyided by another quantity.

DIVIDING LINE - That Tine usually
. separating a numerator and denom- -
- inator of a fraction..

"DIVISION ~-The operation opposite or
inversé to multiplication. The
result of dividing one number (the
divident) by another (the divisor)
s there (quotient).

ENGLISH SYSTEM - Refers to the English
_System of measurement. -

ENTER - To put in or insert.

EQUAL - Like or alike in quantity,
“. . degree, value, etc; expressed
matﬁematica11y by the symbol, "=."

EQUAL SIGN - "="; a statement of equality,

EQUATE - To form or write the algebraic
statement of equality which state
that..the two expressions are equal;
te.-make equal. ' '

EQUATION -
between

A statement of equality
two expressions. .

¢ 1

EQUIVALENT - Equal in value; the same.

~ EVEN - Any whole number that is divisible

by 2. _
EXPONENT - A number b]aced at the right
: of and above a symbol or number; a
power. . ) o

EXPONENTIAL NUMBER - An

exponent with a -
number value, :

SO

* EXPONENT OF TEN - A number piaced at

“the right of and above the number 10.

- FACTOR - One of two' or more numbers which

. When multiplied together produce a

v

]



FLOATING DECIMAL POINT - A term

applied. in ca]cu]ator‘computae'

tion when the decimal is .
placed by the maghine as each
operat1on is per rmed v

FURMULA - A general .rule of
principle stated in math- -
ematica] language.

FRACTION - The ratio between any-
two numbers, the top part
being referred to as the
numerator, and the bottom
part, the denom1nator.

~ FRACTIONAL EQUIVALENT - A commonj
fraction equal to a decimal
fract1on.

* 'FRACTION BAR - A line d1v1d1ng the .

- numerator value by the denom-
inator vaTUé. :

. 'FRUSTUM - The part of a geometr1c
' solid between the two '
para11e1 p1anes

FUNDAMENTAL - Bas1c

-,DFUNDAMENTAL OPERATIONS - Addition, :
subtraction, mu1t1p11cat1on, -

) and d1v1s1on

»GEOMETRIC FIGURE -(Any tomb1nat1on
@ -o,0f points, lines, pIanes, -
i c1rc1es etc. R

GEOMETRIC MEAN - The geometr1c
- average. The GM of N.numbers
- equals that Nth root~of their
product.

" GEOMETRY - The science that treats
the size and shape of  things.

‘GRAM - The standard unit of we1ght
' for the metric system. -

- GRAPH = The geometric’ representa-
* tion of a relationship between
L numbers.
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_INCH - A unit of length;
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GRAPHIC PICTURE - P1cture of a’ graph. .

HEIGHT - The extent upward a1t1tude., ,
HEXAGON ~ A six sided geometric figure.

HORIZONTAL - A position para11e1 to the
plane; going across.

HUNDRED - 100.
HUNDREDTH - 1/100 or .01.
HUNDRED-THOUSAND -=100,0002_

HUNDRED-THOUSANDTH - 1/100,000 or .00001.

IMPROPER FRACTION - A fraction which({s
. greater than a whole, 7/6, 8/5, etc.’

1/12 foot.

INSIDE SURFACE AREA - Amount of area on .
the inside of a plane or reg1on. B S

INVERSE PROPORTION - Where one ratio is .
equal to the rec1proca1 of another |

ratio.-

INVERT - To change or convert a number
to its reciprocal.

LENGTH - The linear magn1tude or distance
of anyth1ng.

LETTER ~ A symbo] or var1ab1e..

LIKE FRACTIONS - Fractions with similar
denominators.

LINE - A straight entity represented by
a mark extended in 2 directions
1ndef1n1te1y '

LINEAR DISTANCE - Distance between:
objects covering a straight path
and in 1 direction.

1

LINE GRAPH - A graph with- 11ne or 11near
representat1on. ,



@  LITER - Metric system. Auwnit - miLLION - 1,000,000.
of capacity equal to 1.0567 - . ’ . S
Tiquid quarts. * A'v MILLIONTH - 1/1,000,000 or .000,001. .

LOG - The exponent of any parti- MIXED NUMBER - A numbef'consisting of

=" cular base, such as .10 in the = poth a whole number and a fraction,
base 10. - f : combined. o
. o o ¥ o . o
LOGARITHM - A 1og. MIXED NUMERAL - A mix’number.
- . LOWEST TERMS - Reduced as much as ".MOST PROBABLE ‘NUMBER (MPN) - A number
e possible. ~. of most Tikely occurrence. =
+ - MANIPULATION - To change'and 're- MULTIPLE OF TEN - Any number divisible <:~—~__
CRad arrange numbers to suit one's ' " by ten, - . o
w3 % own purpose. . . R . g R
(AN o - ' MULTIPLICATION --The operations opposite
MATHEMATICAL ‘CONCEPT - An -idea ° - or inverse to division. - The process
referring to mathematics. . - - of obtaining a product, resulting
_ _ . i from addition of a number a given
MATHEMATICAL RELATIONSHIP - A ' - amount’ of- times.' ‘ -
Tinking of mathematical ideas - o T .
or entities.- , ' . NEGATIVE - Less than zero; opposite of

: - o positive, . .-
- MATHEMATICS - The science that '

.~ treats the measurement, " NEGATIVE NUMEER - Any humber Tess than
. properties, and relations of .. zero. i : L
‘quantities including arith- . B ‘
~ metic, geometry, algebra, etc. .- NONAGON - A nine sided geometric figure.
MEAy - The aQerage of a value or . ' NOTATiON - A system- for writing numbers ,
'se; of values. S . . consisting of symbofs. . a
MEASURE - The extent or quantity | NUMBER - :zb ;&ole numberi'numeral.
of something by comparison, ) , : L ‘ S ‘
with a standard. ' . NUMERAL - Number. ’ o ‘! . .

S : . o 3 : ) R /
'f,_MEASUREMENT - The.act of measuring. NUMERATION <.Act of numbering or counting, -°
. , . . ‘ C : - . }
) . o . ..« NUMERATOR - The term usually written. = .
- MEDIAN - The middle measurement , ~ above ‘the Tine of a fraction which
‘ when items are arranged in o shows how many parts of a‘unit there’ \

“»

‘order of size, - . ~are.
,METER'-.Standard°Unit of measurement NUMERICAL VALUE - A number. iﬁf\(w
on the metric system. v o _ = . o
- B - OCTAGON - An eight sided geometric

iMETRIC'SYSTEM - International - - figure.
system of measurement based ' ,
~upon the meter and gram as® .,  (pp - Any whole number that is not
~units of Tength and weight. - A  ﬂ , divisib]e by two. B
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ONE - 1.

0PERATION - Any process that.
. combines two or more symbo]s
into a single:symbol.

-0PPOSITE OPERATIONS .- The reverse.

T ition:.and subtraction),
(muTt plication and division),
are ‘epposite operat1ons.

ORDER - A condition in wh1ch every-
" thing is in proper place with
reference to other things and
. their purpose.

. OUTSIDE SURFACE AREA - Amount of

-.area on the outs1de of a plane . .

or region.

PARALLEL - Stra1ght 11nes 1y1ng in -

the same plane, but never meet-
ing,no matter how far they are
~ extended.

PARALLELOGRAM -. A 4 sided geometr1c.u

figure having atleast 2 of its
sides parallel to each -other.

PARENTHESIS - Means that -the terms.
enclosed are to be treated as
a s1ng1e entity. - ST

K = ] T va1ue of a
quant1ty. -

“\PENTAGON - A five s1ded geometr1c
f1gure

T- Hundreths§ Z,"

AGE - The result found by
. taking a certain percent of
a number._ R

PERCENTAGE EQUIVALENT - Conversion
of a decimal directly to a’
. percentile. Move decimal 2 -
_places to the right.

- PERCENTILE - Is a set of divisfon
points that divide a set of
data -intc 100 equal parts.
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PERIMETER - The 1ength of a curve w1th1n
a c1rc1e

PI - 3. 14 I; the ratio of the curcum- '
ference of a circle to its d1ameter

‘ PLACE - The location of a digit in a

particular column, ones, tens,
hundreds, etc. .

PLACE VALUE £ The place va1ue of any
- digit ‘depnds upon its place in
. a str1ng of d1g1ts..

PLANE FIGURE - A geometr1c f1gure which
lies entirely in one plane, considered
two dimensional, consist1ng of square 4
units. — :

PLOT - To 1ocate points, geometrica]]y,
graphically, etc.

POINT*-'A specific position,or~1oeation.

POSITIVE - Greater than zero.

OPposite
. of negative. .

P&'ER OF TEN - An exponent of ten. '

PROBLEM SOLVING - Finding the solution
to a particular prob1em

'PRODUCT - Is the result~of the operat1on

 PYRAMID - A geometric solid having a

‘of mu1t1p11cat1on.

PROPER FRACTION - A common fraction.

'.'PROPORTION - The equating of‘ratiosr

triangular: base, and, tr1angu1ar sides
. all meet1ng 1n a po1nt .

QUADRILATERAL - A four s1ded geometric

f1gure.

"QUANTITY.- An amount.' - o : J '

RADIUS - A straight e going from the
center. point of @ circle.to a point

- on the circle. The radids is equal
to % the diameter .

W

'y
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RANGE - A span; the extent to which
variation is possible.

RANGE OF VALUES - A span of numbews.

RATIO - A comparison of two-ﬁumbqns
-through division,having the

Same denominator units. -

 RECIPROCAL - The reciprocal of any

number is 1 divided by that
‘number. The reciprocaiyof 5
‘is 1/5. - -

RECTANGLE - A quadrilateral having
all right angles, whose opposite
sides are -parallel and equal in

. length. -

RECTANGULAR - Pertaining to rectangles.
" RECTANGULAR SOLID - A 3-y§imensional

rectangle having volume. .

fREDUCE'-'To make lesser in size, E

- tomake simpler.

. REDUCTION - The act of reducing.
"REPEATING NUMBERS - A number with

» an unending amount of digits
following the decimal point.

- RIGHT TRIANGLE - A triangle having

a right angle (901degrees).

ROMAN NOTATION - The writing of
N Roman ‘numerals whereby letters
 are used in place of numbers .

 ROMAN. NUMERAL - Numbers used in the
ancient Roman system of notation,

that are still used today. -

RIUNDING - - Modification or the
changing of a decimal number -
by ‘dropping the digits after
a certain place. ™ '

SCALE - A diép]éyed arréhgement'pf 

- Mumbers 1in proper order.

N

-SCIENTIFIC NOTATION - The expression of

-a decimal number as a decima) number -
between 1 and 10, multiplied by a
- power of 10. =~ _

SEPTAGON - A seven sided geometric figure.

SERIES - A succession of numbers; a
~sequence of numbers. '

- SIMPLER TERMS - A numerical expression

- made more simple; reduced:

SIMPLIFY - To reduce; make lTesser; to
use numbers of smaller value.

SLANT HEIGHT - The distance on the surface
of ‘a cone from its base to its apex
or top. S o

SOLUTION "- Answer, -

- SOLVE - To fjgure‘oUt; find the answer to.

SPHERE - A solid geometric figure whose
surface is at all points at an
equa]-djStance to the center.

SQUARE - A 4 sided geometric figure

consisting of 4 right angles with
all sides equa]]y long.

SQUARE FOOT - A unit of measurement for
area conSistfn§~of 1 foot multiplied
by itself (ft.e). IR

SQUARE URIT - A specific quantity or .~ .

magnitude that consists of measurement
in two directions; Tength and width,
etc.#% - T

A

'SQUARING - The act of taking a value and

multiplying it by itself.

STANDARD SYSTEM - An ordered body of
information that is used as a basis
(for4comparison. :
JJATISTICS - The science that deals
with the collection, classification, -
and-use of numerical facts or data.



STORY PROBLEM - A mathematical
‘problem primarily stated in
words more so than mathemat-
1ca11y

_ SUBSCRIPT - An exponent.

SUBSTITUTE - To take the place of;
‘ replate

'SUBTRACTION - The act or process
of taking away.

-SUM'--The result of additﬁonﬂ ,
“SUPERSCRIPT - An exponent.

SURFACE AREA - Amount of area on a .

pTane reg1on

SURFACE DIMENSION - Any part1cu1ar

. magn1tude reTated to a surface.

' SYMBOL - A Tetter, figure, or .

, other $ign used torepresent -
something etse, 1nc1ud1ng
numbers

" TEN - 10. :
TENTH - 1/10 or .1.

T.TEN THOUSAND - 10,000

“TEN- THOUSANDTH -1/10, ooo or 0001..'“

- THOUSAND I ooo
i%THOUSANDTH - 1/1000 or .001.
 TRAPEZOID - A quadrilateral (4

- sided figure) with exactTy 2
pareTTeT sides..

.TRAPEZOFDAL SOLID - 3 d1mens1ona1
trapezo1d having volume.

’ TRIANGLE - A 3 s1ded geometr1c
_ f1gure o

N

"UNIT - Ancentity or magnitude usually

representing forms of measurement ,

such as distance, voTume capacity,

weight, etc. o

UNKNONN - In algebra, a var1ab1e

representing a value that we do
not know, and are often try1ng to
soTve

~ UNKNOWN NUMBER - In algebra, the number

which we do not know and are try1ng
to determ1ne ‘

: UNKNONN VARIABLE - A var1ab1e whose vaTue

we do not know

1

B UNLIKE FRACTION - Fract1ons W1th d1fferent

denom1nators

VALUE -In mathemat1cs,the worth or -
amount of some number, or ‘a variable
represent1ng a number

VARIABLE. - A symbo] represent1ng some

vaTue

: VERTICAL - A poS1t1on perpend1cu1ar to

the pTane stra1ght up:

. VOLUME - Capac1ty, the amount of anyth1ng

in three dimensions.

WHOLE NUMBER - Counting numbers. starting

with 1, with each number 1 greater
than the number beh1nd it. '

.wIDTH - The extent.or d1stance from s1de

to side.

X AXIS - Is the hor1zonta1 line runn1ng » .
across a gfaph 1ntersect1ng the y ax1s.- oo

at 0

¥ AXIS = Is the vert1ca1 line runn1ng up
a graph intersecting the X axis at 0.

ZERO f.Oiva‘number haVTng no value.

. TRIANGULAR SOLID - A 3 d1mens1ona1'__ =

;,tr1ang1e, having volume.

)
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